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POETUND CEMENT MATERIALS AND INDUSTRY 
OF THE UNITED STATES. 



By Edwzk C. Eceel, with contributions by Ebnest F. Bubchakd 
and otbers. 



INTRODUCTION. 

This report has been prepared in order to give information desired 
by two classes of persons — owners of lands on which marl, limestone, 
or day deposits are found, and cement manufacturers or those who 
desire to become such. For the benefit of those of the first class, 
who wish to know whether a given material is suitable for Portland 
cemoit manufacture, the writer has attempted, in Parts I and II 
of the report (pp. 16-66), to describe the chemical and physical prop* 
erties i^ch a Portland cement material must have, and above all to 
show that the value of cement material depends almost entirely upon 
its location with respect to fuel supply, transportation routes, and 
markets. For cement manufacturers, present and prospective, who 
want to know at what localities in a given State or group of States 
cement materials will probably be found and who desire information 
in advance of actual testing as to the physical and chemical character 
of the materials, Part III (pp. 67 et seq.), dealing with the cement 
resources of the separate States, has been prepared. 

The report is intended to be a discussion of the Portland cement 
mat<aiab of the United States, not a manual of cement manufacture 
nor a guide to cement testing or utilization. A brief sketch of the 
general status of the Portland cement industry is, however, presented 
in Part I, in order to make the subject clear to the great number of 
people who are interested, in one way or another, in the condition 
and growth of this important branch of manufacture. 

It is with pleasure that the writer acknowledges indebtedness to 
the managers and chemists of the numerous Portland cement plants 
throughout the United States. Most of these plants, with their 
quarries or mines, have been personally examined by the writer, 
and at every one of them all possible facilities have been afforded 
for making a thorough examination. For obvious business reasons 
some of the information obtained in this manner can be stated only 
in a general way, but permission to publish most of it has been 
freely given. The chapters which have been contributed mainly by 
other geolt^ists are credited directly to them in both text and table 
of contents. Special acknowledgment is due to Mr. E. F. Burchard, 
who has revised statistics and bibliographies, in addition to preparing 
the sections directly credited to him. 15 
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PAUT I. THE PORTLAND CEMENT INDUSTRY IN GENERAL. 

CIiASSIFICATION OF CEMENTS. 

The relations of the various CMneating materiab > used in modem 
structural work may be concisely expressed as follows: 



iHydiwilic lime. 
Natiu&l cemente. 
Portland cementa, 
Piuzolan cement, 

HOHETDBAUUO CEXENTS. 

Nonhydraulic cements do not have the property of "setting" or 
hardening under water. They are made by burning, at a compara- 
tively low temperature, either gypsum or pure limestone. The 
products obtained by burning gypsum are marketed as "plastO' of 
Paris," "cement plaster," "Keene's cement," and so forth, according 
to the process of manufacture. The product of burning limestone is 
common lime. The plasters and limes will not be further discussed 
in the present bulletin. 

HXDBATTLIO OEKENTS. 

Hydraulic cements are those which set when used under water. 
This property, which is due to the formation during manufacture of 
compounds of lime with siUca, alumina, and iron oxide is posseeBed in 
very different degree by different cements. 

HYDKAUUC UHES, 
Hydrauhc limes are produced by burning, at comparatively low 
temperatures, a natural siliceous limestone which carries so much 
Ume carbonate in proportion to its siUca and alumina that the 
burned product will contain considerable free lime in addition to the 
silicates and aluminates that have been formed. In consequence of 
the free lime the burned mass will slake, but in consequence of the 
silicates and aluminates it will slake slowly and will have hydrauhc 
properties. Hydraulic limes are thus intermediate between cements 
and true limes. They do not fall within the scope of this bulletin. 

NATURAL CBUENT8. 

Natural cements are produced by burning a naturally impure lime- 
stone, containing from 15 to 40 per cent of silica, alumina, and iron 

1 Eckel, E. C., CeiDenta, Umei, md pluUrs: Thoir lualerlali, mafuilK>tun, md piopeitlM,ll)OS. 
16 
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CLASSIFICATION OF CEMENTS. 17 

oxide, at a comparatiT^y low temperature, about that of ordinary 
Ibne burning. The operation con be carried on in a kihi cloeely re- 
sembling an ordinaiy limekihi. During the burning the carbon 
dioxide of the limestone ia almoet entirely driven off, and the lime 
combines with the silica, alumina, and iron oxide, forming a mass 
containing 8ilicat«e, aluminatee, and ferritee of lime. If the original 
limestone contained much magnesium carbonate the burned rock will 
contain a corresponding amount of magnesia. 

The burned mass will not slake if water be added. It is necessary, 
therefore, to grind it rathM* fine. After grinding, if the resulting 
powder (natural cement) be mixed with water it will harden rapidly. 
This hardening or setting will also take place either in air or under 
water. Natural cements therefore differ from ordinary limes in two 
noticeable ways: 

(1) The burned mass docs not slake on the addition of water. 

(2) The powder has hydrauUc properties — that is, if properly pre- 
pared, it will set under water. 

PORTLAND CEMENT. 

Portland cement is produced by burning a finely ground artificial 
mixture containing essentially lime, silica, alumina, and iron oxide 
in certain definite proportions. Usually this combination is made 
by mixtng limestone or marl with clay or shale in such proportiim 
that the mixture will contain about three parts of lime carbonate to 
one part of clayer^ materials. The mixture is bumed at a high tem- 
perature, approaching 3,000° F., in kilns of special design and lining. 
During the burning, the lime combines with the silica, alumina, and 
iron oxide, forming a semifused mass called "clinker," which con- 
sists of silicates, sJuminates, and ferritee of lime in certain fairly 
definite proportions. This clinker must be finely grotmd and the 
resulting powder (Portland cement) will set under water. 

Portland cements differ from natural cements in the following 
important particulars: 

(1) Natural cements are not made from carefully prepared and 
finely ground artificial mixtures but from natural rock. 

(2) Natural cements are bumed at a lower t«mperature than 
Portland cement, the mass in the kiln never being heated high enough 
to even approach the fusing or clinkering point. 

(3) Natural cements, after burning and grinding, are, as a rule, 
yellow to brown in color and light in wei^t, having a specific gravity 
of 2.7 to 3.1,' whereas Portland cement is commonly blue to gray in 
color and heavier, its specific gravity ranging from 3 to 3.2. 

(4) Natural cements set more rapidly than Portland cement but 
do not attain so high tensile strength. 

4a884<'— BeU. B2Z-13 X 
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18 POETLAND CEMENT MATERIALS OF UNITED STATES. 

(5) Portland cement is a defisite product, ite percentages of lime 
silica, alumina, and iron oxide varying only between narrow limits, 
whereas brands of natural cements differ greatly in composition. 

FUZZOLAN CEMENT. 

Fuzzolan cements are made by mixing powdered slaked lime with 
either a volcanic ash or a blast-furnace slag. The product is simply 
a mechanical mixture of two ingredients, as the mixture is not burned 
at any stage of the process. After mixing, the mixture is finely 
ground. The resultii^ powder (puzzolan cement) wiU set under 
water. 

Puzzolan cements are usually light bluish, and are of lower specific 
gravity and less tensile strength than Portland cement. They are 
better adapted to use under water than in air. 

PREDECESSORS OF PORTIiAND CEMENT. 

Although the Portland cement industry has now attained great 
importance, it is less than a century old and its period of rapid growth 
did not really begin until within the last quarter century. The 
industry is therefore very young compared with the manufacture of 
iron, for example. During earlier periods of the world's history, 
however, other cements were used in much the same fashion that 
Portland cement is used to-day, and before taking up Portland cement 
itself it may be of interest to sketch briefly the history of early 
cement making and the character of the materials used. 
ANCIBHT PTTZZOLAM CBKBNTS. 

There does not seem to be the Blight«st evidence that hydraulic 
cements approaching the Portland type were ever used by E^ptiaos, 
Greeks, or Romans in their structural works. The earliest cwnent- 
ing materials of which there is any record were ordinary limes and 
plasters much like those used to-day- The Romans were acquainted 
with pozzuolana, a volcanic ash that is found abundantly in the 
vicinity of Naples, which when powdered and mixed with black 
lime possesses distinct hydraulic properties and gives results approx- 
imating those of the modem hydraulic cements. Cements of this 
type were used in many of the early engineering works of Rome. 
Puzzolan cements are still made, but the best-known representative 
of the group is not made from volcanic ash but from blastr-fumace 
slag. 

During the Middle Ages, with the general retrogression in technical 
knowledge, the use of even these primitive puzzolan cements seems 
to have been discontinued. The material employed for holding 
masonry t<^ther in laige structural work was plain lime mortar, 
though by usin^ an Abundance of time and by taking graat care in 
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preparing thp lime, the mortar, and the stone, structurea of very 
remsrkable strength and durability were finally developed. At a 
few places in Europe impure limestones were burned to a lime 
vhich necessarily must have poaseesed some hydraulic properties. 
But these sporadic instances of the occurrence and use of what may 
be considered a low-grade natural cement should not be allowed to 
obscure the fact that the great masonry structures of the Middle 
Ages were built with practically common lime, 
NATTTKAL CEHBlTrB. 

EUKOPSAK NATURAL CEMENTS 

The almost exclusive use of lime mortar for structural work per- 
sisted until very near the close of the eighteenth century, when a 
new series of cementing materials, of distinctly more modem type, 
was developed by careful experiment almost simultaneously in 
France and in Ei^and. These were the natural cements, and 
cementing materials of this type have remained in use down to the 
present day. 

In 1756, or thereabout, Smeaton, an English engineer, b^an a 
series of experiments on lime mortars, in order to devise a lime suit- 
able for marine construction, particularly for use in building the 
Eddystone lighthouse. No record of these experiments was pub- 
lished until 1791, so that they had no immediate influence on engi- 
neering practice. Smeaton soon found that the property of hardening 
under water, known to be possessed by some limes, was not due to 
the purity of these particular limes, as had been long supposed. In 
fact, the truth was quite the reverse, for the very impure clayey 
limestones, when burned, would harden under water, and the pure 
limes would not. Though the experiments of Smeaton were appar- 
ently not carried to the point of making a true cement, his conclu- 
sions regarding the effect of clay in limestone opened the way for 
further investigation and research. 

The next step marked a great advance in practice. This was the 
invention in 1796 in England and almost simultaneously in France of 
a cement like our present-day natural or Kosendale cements. Parker, 
who took out an English patent in 1796, later termed his new product 
"Roman" cement, which was clearly a misnomer, for he had invented 
a product never known to the Romans. The Parker patent contem- 
plated the use, as a raw material, of certain concretions of clay and 
limy matter which were common in some of the English coastal for- 
mations. These concretions were to be burned "with a heat stronger 
than that used for burning lime." When so burned, the product 
would not slake naturally when water was appUed to it, as would an 
ordinary lime. When powdered, however, and mixed into a past« 
with water, it would harden not only in air but also under water. 
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Parker's cement soon came into general use in England, and similar 
products were manufactured in France and in other portions of the 
Continent. 

AHEBICAN NATURAL CGHENTB. 
DIBCOTXKT. 

When the construction of the Erie Canal was undertaken, the use 
of ordinary hme as mortar was contemplated. As a Itage amount of 
lime would be used for this purpose, many limestone beds throughout 
the State were examined and tested. Good limea were found to be 
available at many points along the course of the canal, and the engi- 
neers had apparently no expectation of finding a better material. 
During the progress of work on the middle section of the canal, how- 
ever, it was found that the lime burned from a certain stone refused 
to slake. The quarry from which this stone come had been opened 
on the land of T. Clarke, in the town of Sullivan, Madison County, in 
a bed of limestone which to all appearances was satisfactory enough. 

The failure on the part of the contractor to deliver the lime brought 
the matter to the attention of Benjamin Wright, engineer in charge of 
the middle division, and Canvass White, one of his two associates. 
Fortunately, White had visited England in order to secure as much 
information as possible concerning the materials and methods then 
employed in great public works and had devoted much time to a study 
of the limes and cements used as mortar materials. - Parker's ' ' Roman 
cement " had then passed the experimental stage, and in both England 
and France natural cement was gradually but steadily supplanting 
lime as an engineering material. The coat of Parker's cement, how- 
ever, was an obstacle to its extensive use. 

Because of this preliminary acquaintance with the subject, White 
was peculiarly well fitted to cope with the difficulty in Madison 
County. He visited the Clarke quarry, examined and tested both the 
quarry stone and the burned product, and decided that the obstinate 
lime was really a high-grade natural cement, which required only 
grinding to make it fit for use. Tests on a larger scale soon proved 
that his conclusion was correct, and the first American natural cement 
was put to extensive use in ihe locks and walls of the middle section 
of the canal during the years 1818-19. 

Fortunately, a contemporary professional estimate exists as to the 
value of this material. Wright, in a letter dated in 1820, summarizes 
the facts regarding White's cement, stating that it "is found to be a 
superior water cement and is used very successfully in the stonework 
of the Erie Canal and beheved to be equal to any of the kind found 
in any other country. It is pulverized (as it will not slake) and then 
used by mixing two parts lime and one part sand. It hardens best 
under water, and it is believed ita properties are partially lost if per- 
mitted to dry suddenly or if not used soon after mixing." 
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Ninety jeftrs of testing have hardly given a more satisfactoiy 
suminary of the properties of natural ceEoents than is contained in 
Wright's last sentence. 

Another cootemporsry account (1821) states that "the price of this 
lime, pulverized and burnt and delivered at Utica, ia 20 cents the 
bushel." 

White took out a patent on this cement, and for aevend years a 
controversy raged as to its tenability. The matter was settled in 
1825, so far as the State of New York was concerned, by the action of 
the l^slature, which bought the patent ri^ta for New York from 
White for 110,000 and immediately threw them open to the free use 
of citizens of the State. 

It is pleasant to know that the discovery and prompt utilization of 
this new material by White and Wright were rewarded with equal 
promptness by their professional advancement on the canal work. 

The chemical character of this first American natural cement 
is established by an analysis, made in 1822 by Seybert, of a sample 
of the limestone used in its preparation. The analysis gave the 
following results: 

Avaigm o/Aefim Ammean natwal cemmL 

SilicftCSiO) ILTM 

Alumina (AV),) 2.733 

Iran oxide (FejO,) 1.500 

Lim«(C»0) 25.000 

Uagneela (MgO) 17.833 

Cirbon dioxide (COa) 39.333 

Hotsture 1.500 

If this analysis be accepted as representative of the rock used, the 
resulting cement would have a cementation index of 0.74 and at the 
present day would be regarded as a hydraulic lime rather than as a 
natural cement. 

OKOWTH OF TIU MATVMAI. CUIZVT nrsnTXT. 

The use of the Madison County cement on the canal stimulated 
search for other deposits of cement rock. In Wright's letter he states 
that this rock "is found in great abundance in the counties of Madi- 
son, Onondaga, and Cayuga." He thus outlined what has since been 
the natural cement district of central New York. Lat«r in the same 
letter Wright remarks: "I do not know that it is found in the coun- 
ties west of Cayuga, but presume from the geological character of that 
country it may be found in all the countiy west to Niagara, and prob- 
ably farther west." Within a few years this proved to be a fact, 
cement rock being discovered in Erie County, in the extreme western 
part of the State. 
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The first natural cement manufactured in Erie County was made 
in 1S24 at WilliamsTille. In 1S39 Jonathan Delano erected cement 
works at Falkirk, near Akron, making about 2,000 barrels of cement 
the first year. He furnished the cement for the feeder dam at Tona- 
wanda Creek and for the Genesee Valley Canal. In 1843 the business 
passed to the hands of James Montgomery, who increased the output 
to 10,000 barrels a year. The business afterward came into the 
possession of Enos Newman, a partner of Montgomery, and has 
been in his family ever since. 

In 1854 H. Cummings & Son established a natural cement plant at 
Akron, which was operated for several years. This plant was suc- 
ceeded by another, managed by sons of the founder. The Akron 
plant was sold to the Akron Cement Co. in 1871, and the Cummings 
brothers erected another plant about 2 miles west of Akron. 

The first natural cement made within the present limits of Buffalo 
was manufactured in 1850 by Warren Granger. His plant was near 
Scajaquada Creek, just below the Main Street Bridge, in what is now 
Forest Lawn Cemetery. In 1874 Lewis J, Bennett commenced the 
manufacture of natural cement at Buffalo Plains, near Main Street. 
This establishment, which has been carried on continuously under the 
control of the Bennett family, is now incorporated as the Buffalo 
Cement Co. 

Third among the districts in point of age came the Rosendale region 
of eastern New York, which, however, soon became first as a producer 
and has ever since maintained a high standard in both the quaUty and 
quantity of its output. 

The discovery of cement rock and the commencement of manufac- 
ture of natural cement in the Rosendale district took place apparently 
about 1825, though there is considerable uncertainty as to the exact 
date. The industry, however, did not develop so rapidly as might be 
supposed, for in 1843 W. W. Mather ' referred to the immediate past 
as follows: 

When making the reconnaisaance [in 1837], soon after the commencement of the 
geological survey, the buainees had but commenced, and there was no cement ntanu- 
tactured on the Rondout except at Lawrenceville, and there but fen kilns were in 
operation. It was not then known to the inhabitante that the cement rock was 
abundant except at and near tbeee quarriee until some of them were then informed 
of its inexhaustible quantitiee, Eveo now few are aware of the great extent of the 
rock and still fewer undeietand how to trace out the Hituation of favorably located new 
quarries. 

During the six years that had elapsed since 1837, however, the 
industry seems to have grown rapidly, for in his final report (1843) 
Mather states ' that 16 firms, working 60 kilns, were then operating 
in the Rosendale district. He estimated the product at 500,000 to 

> Qmiagy at the flnt gwlnglcal district: NaL HIsL New York, div. 4, pU 1, ISU, p. S30. 
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600,000 barrela per year, and notes that about 700 men were employed 
in the quarries, in the mills, and in handling the cement. 

Soon after the induatry ha<l become established in New York it was 
taken up in several other States. R. W. Lesley has pointed out the 
direct relation of the early natural cement iodustry to the canal con- 
struetioD, i^ch was then so prevalent.* 

llie first large publir works built En this country were the canals, and die tnoet 
nece^Kry thing to build a canal was mortar that would hold the stonee togethw at 
the ]tx:kB or walls under water. Consequently, wherever canals were to he built 
theie" was a search for cement rocks, and all the earliest works in this country were 
ctitablished on the lines oi the canals. Thus, on the Chesapeake & Ohio Canal were the 
Cumberland and Bound Top Works; on the Lehigh Canal, the works at Si^rieds 
and Coplay, Pa.; on the Richmond & Alleghany Canal, the works at Balcony Falls, 
Va.; on the Delaware & Hudson Canal, the large group of works at Rosendaleand 
Kingston; and on the Falls of the Ohio Canal, the large aggregation of works about 
Louisville. From this fact grew the early package used in shipping cement in 
this country, the barrel, which was the package best adapted to water transportation; 
and it took many yeais to overcome the prejudice against any other form of package 
and to Bubstitute the paper or duck bag for the barrel. 

The following table shows the dates of establishment of tlie natural 
cement industry in various localities in the United States between 
1818 and IdOl: 

DaUa o/txiabHitanaU o/tht natural-<tmeiU iiuhutry in differetU SIoUm. 



State. 


Location. 


Date. 
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The natural cement iDdustiy grew rapidly in the United States, 
reaching a nuudmum production of not quite 10,000,000 batrela in 
1890. After that date, however, it began to suffer heavily from the 
competition of domestic Portland cement, and in the last decade its 
output has shown an almost continuous rapid annual decrease, until 
now it has become relatively unimportant. This matter will be noted 
further in discussing the statistic^ growth of the American Portland 
cement industry (pp. 31-32). 

portland cement, 
drvsntion aks bablt bistobt. 

aspdin's patent. 



In 1824 Mr. Joseph Aspdin, of Leeds, England, received a British 
patent for a cementing product which he named Portland cement. 
The name was due to a rather fanciful resemblance between the set 
cement and a well-known English building stone— the oolitic lime- 
stone of Portland. 

Aspdin's specification, which is numbered 6022 and dated October 
21, 1824, is as follows:' 

My metliod of making a cement or Bitificml stone for stuccoing building*, mtM- 
VOTke, ciateme, or any other purpose U which it may be applicsble (and which I 
call Portland cement) is aa follows: I take a specific quantity of limeetone, mich as 
that generally used for making or repairing roads, after it ia reduced to a puddle or 
powder; but if 1 can not [Hvcure a sufficient quantity of the above from the roads, 
I obtain the limestone itself and I causa the puddle or powder or the limestone, as 
the case rosy be, to be calcined. I then take a specific quantity of argillaceoua 
earth or clay and mix them with water to a state approaching impalpability, eitha 
by manual labor or machinery. After this proceeding I put the above mixture into 
a slip pan for evaporation, either by the heat of the sun or by submitting it to the 
action of fire or steam conveyed in flues or pipes under or near the pan, until t^e 
water is entirely evaporated. Then I break the said mixture into suitable lumps 
and calcine them in a furnace similar to a limekiln till the carbtmic acid is entirely 
expelled. The mixture bo calcined is to he ground, beat, or rolled to a fine powder 
and is then in a fit state for making cement or artificial stone. This powder is to be 
mixed with a sufficient quantity of water to bring it into the consistency of mortar, 
and thus applied to the purpoees wanted. 



TICKnCAL VALVS OF ASPDnPt D 

As Aspdin's patent is often criticized for its vagueness, it is of inter- 
est to examine it more closely and get some idea of its real technologic 
importance. It seems clear that the specification of his patent cov- 
ered the general method of Portland cement manufacture most suitable 
for the raw materials available to him, though it certainly omits to 
mention certain important factors or limitations in that process. To 
put his invention into simpler form, it may be said that Aspdin 

C*l«»aansoKiiMili, 3d ad., IWf, p. II. 
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specified that a pure limestone waa to be burned to lime. This lime 
vaa to be mixed with a definite quantity of claj, and the mixture was 
tbea to be pulverized in a wet state. The wet mixture was to be 
dried and crushed and then calcined in a vertical kiln; and finally 
the burned product was to be powdered. . 

It is unquestionable that this was really a veiy clear and definite 
description of the manufacture of Portland cement by a wet-mixing 
and grinding method. When this method was applied to hard lime- 
atone, burning in two stages was almost a necessary consequence. 
Aspdin's process, substantially as described, was in high favor until 
1875 or thereabout, then fell into disuse, but now seems to be again 
becoming of interest to cement manufacturers. 

The only serious omissions in the Aspdin specification are that ths 
relative amounts of lime and ctay to be used are not even approxi- 
mately stated and that no mention is made of the necessity of burn- 
ing the mixture at a temperature considerably above that of an ordi- 
nary limekiln. But that these omissions were due not to lack of 
knowledge, but to carelessness or secretiveness in framing the speci- 
fication, is shown by the fact that Aspdin was actively ei^aged in Port- 
land cement manufacture within a year of the issuance of his patent, 
and that the Aspdin family long continued prominent in the English 
Portland cement industry. 

oovTWPOBamT vonou of Aaronrs mvswm*. 

In view of the great industrial importance attained by the Portland 
cement industry developed under the Aspdin patent of 1824, the 
writer thought it of interest to examine the files of several tech- 
nical journals of that period in the hope that some contemporary 
mention of the invention might be found. This search waa success- 
ful' and two of these contemporary notices. are here reproduced. 

Aspdin's patent was applied for, it will be recollected, in 1824, the 
specification being dated October 21. In its issue of February 5, 
1825, the London Mechanic's Renter mentions the granting of the 
patent in the following terms, under the simple caption "Artificial 
stone": 

Mr. Joseph Apeden,' of Leeds, has taken outft patent for a new mode of producing an 
artificial stone or cement for the covering of buUdings. He calls it Portland cement, 
from its teeemblance to Portland stone; its component parts are as follows; A given 
quantity of limestone, of the kind usually employed for mending reads, ia to be pul- 
verized by beating or grinding, or it may be taken from the road in a pulverized state, 
or in the etat« of puddle; this, when dried, is to be calcined in a furnace in the usual 
way. A rimilar quantity of aigitUceous earth or clay is then to be mixed in wat«r 
with the cttlcined limestone, and the whole perfectly incorporated by manual labor or 
by machinery into a plastic stat«. This mixture is then to be placed in a shallow 
vessel for the purpose of evaporation, and then to be submitted to the action of the air. 
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the sun, or the heat of fire, or Bteam conducted by pipes or flues under tlie pans or 
evapcmtii^ veaaela. This compoeition, when in a dry itate, u to be broken into lumps 
of Buitable eizea, and ia then to be calcined again in a fuiiuce uiTnilnT to a limekiln 
till the cfirbonic acid has been entirely dispelled. Tbe mixture so prepared is then to 
be pulverized by grinding or beating, and vhen reduced to a fine powder is in a fit 
state for use, and with the addition of so much water aa will be aufficient to bring it 
into the conastency of mortar will, when applied to its purpoee, make * compact and 
durable stone equal to the Portland eUtae itself. 

The Above notice, it will be seen, is merely a bare outline of the 
matter set forth in the patent specifications, with nothing added in 
the way of editorial comments. Another notice, of al^Uy earlier 
date, is more interesting. It appears in the Registra of the Arts and 
Sciences (London) of January 22, 1S25, under the heading " Apsdin's 
patent Portland cement, or artificial stone." This notice is as follows: 

This is a patent lately granted to Mr. Apsdin, a mason, of Leeds, for an earthy 
preparation, which he calla Portland cement. Ita compoeition, that at equal parte 
of limestone and atuminoua earth, has been long known to the chemical world as 
fonniiig a hard stony cement; a fact that ought to have been communicated to Mr. 
Apedin by the penon who afisiatad him in his specification, which would have saved 
him the useless expenditure of about £]20, As it is, his exclusive privilt^ of manu- 
facture can only ext«nd to the peculiar process set forth in his specification, and we 
sincerely hope he may make a good profit by the undertaking. 

The patentee directs that common limestone is to be pulverised and then calcined 
in a furnace. A like quantity of clay is then to be mixed with the calcined lime- 
stone in wci.ter and made into a plastic paste. This compoeition is then to be dried, 
to be broken in to liunpe, and calcined again, until the carbonic acid has been driven off, 
when it is to be taken out of the furnace and reduced to powder. It is employed as a 
cement, or artiliciat stone, by mixing with the powder a sufficient quantity of water 
to make it into a paste, when it quickly solidifies into a hard substance. 

The following account of a similar composition is extracted from a French work: 

"M. Bniy finds that an excellent artificial puzzolana may be made by calcining, 
at a red beat, three parts of clay with one part of slaked lime, by measure. M. de St. 
L^er, who niakee the article for sale, considers these proportions as the beet." 

GROWTH OF THE PORTLAND CEHENT INDU8TBT IN EUROPE. 

Though Aspdin, as already noted, was almost immediately engaged 
in the commercial 'manufacture of his new cement, the Portland 
cement industry of England for some years grew very slowly. The 
same was tnie on the Continent, where the manufacture of Portland 
cement was soon taken up. The natural cements had gained a firm 
foothold, and at the necessary difference in price it was difBcult to 
displace the earlier type. At first, too, both types were used entirely 
as cementing materials proper, to hold together bricks or stone; the 
use of cement in mass, in the form of concrete, came much later. 
This naturally restricted the growth of both the Portland and the 
natural cement industries. 

About 1850, however, a distinct increase in the use and production 
of Portland cement, both in England and on the Continent, became 
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noticeable. From this time on Portland cement rapidly displaced 
the older natural cements in all European markets and gradually 
became an important article of import into the United States. 

THE FORTZiAim CBKBHT INSUSTBY IN AMBBIOA. 

EAKLY HISTOKT OF AMERICAN PORTLAND CEHBNT. 

Id spite of the rather rapid development of the Portland cement 
industry abroad, particularly in England and Germany, after 1850 or 
thereabout, it was not until the end of the third quarter of the nine- 
teenth century that its manufacture was actively taken up in the 
United States. Then, like many other industries, it took life almost 
simultaneously in several parts of the country, experiments in the 
manufacture of Portland cement being carried on almost or quite 
independently at a number of small plants in New York, in the Lehigh 
district, in western Pennsylvania, in Michigan, and in Maine. 

Apparently the first attempt at Portland cement manufacture in 
the United States was made in 1872, when an experimental plant was 
constructed at Kalamazoo, Mich., the material used being a mixture 
of marl and clay. This project seems to have been commercially 
unsuccessful; little can be learned concerning its history and it cei^ 
tainly exercised no influence on the slightly later developments in 
New York and Pennsylvania. 

In 1S75 a true Portland cement was being made commercially at 
a small plant in western Pennsylvania, the raw materials used being 
limestone and clay. This plant, which was located at Wampum, 
Pa., was the basis of the Crescent Portland Cement Co., which is still 
in existence. At about the same date, several small experimental 
plants were erected in the Hudson River district in New York. 
These did not result in any immediate development of the industry 
in that State, and their history can be disregarded here, particularly 
as it is described in detail on pages 284-285 of this bulletin. 

In the meantime, and in a manner almost entirely disconnected 
from the above experiments, the foundation for the great Portland 
cement industry of the Lehigh district was being laid, the start being 
made under rather unpromising conditions. Natural cement had 
long been manufactured in the Lehigh region, and in the early 
seventies D. O. Saylor and his associates began selecting from the 
natural cement rock quarries the stone which would on burning 
yield a Portland cement. The result, though always variable and 
often (perhaps usually) unsatisfactory, was that a certain small ton- 
nage of good Portland cement began to be produced annually in this 
district, really as a sort of by-product of the natural cement industry. 
The present Coplay Cement Manufacturing Co. is the direct outgrowth 
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of this first successful attempt to maaufacture Portland cement on a 
commercial scale in the Lehigh district. 

The Portland cement industry had now gained at least a foothold 
in the United Statee, and within the next 10 or 15 years small plants 
were established in several locahties. To understand properly the 
importance of the next development, it is necessary to consider briefly 
the technologic status of the industry during its early American 
growth, for the next factor to appear, though one which seemed at 
first to be of technologic interest solely, finally completely revolu- 
tionized the Portland cement industry of the world and placed the 
American industry far in advance of its European congener. 

TECHNOLOGT OP PORTLAND CEMENT, 1875-1885. 
AUBIOAV HODinCATIOVS. 

When the manufacture of Portland cement was first taken up in 
the United States the natural tendency was to follow closely along 
European lines, both as to raw materials and processes. At that 
date nearly all if not all European plants used soft natural raw 
materials, which were mixed and ground in a wet condition and burned 
in stationary vertical kilns, the resulting cUnker being then ground 
by millstones. In all of these respects European practice was faith- 
fully followed by some of the early American plants, among them 
the plants at Kalamazoo (Mich.), South Bend (Ind.), and Wayland 
(N. Y.). 

This process, however, was not particidarly well adapted even to 
conditions in England and Germany, and in the United States was 
almost prohibitive. It involved reducing the raw materials to powder 
or to a wet slurry; mixing them to a paste with water; forming the 
mixture, after partial drying, into bricks or balls; charging liiese 
bricks, often by hand, into the vertical kiln in which they were burned ; 
unloading the kiln, also by hand, and finally grinding the clinker in a 
peculiarly ineffective and expensive way. 

When both of the raw materials to be used were naturally wet and 
naturally soft, as when marl and clay were used, the eariier stages of 
the wet process were of course considerably simpUfied and relatively 
inexpensive. But with the hard, dry rawmaterials used in the Lehigh 
district the wet process was as expensive as it was absurd. This fact 
was recognized early, and for a number of years after the first success- 
ful experiments little or no increase in the American output of Port- 
land cement could be noted, the margin of profit as against foreign 
cements cheaply laid down in the coast cities being too small to 
encourage the American manufacturer to take up large-scale* pro- 
duction. 

It was early recognized by those who had commenced the experi- 
mental manufacture of Portland cement in the United States that the 
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relatiyely daar labor and cheap fuel of America, as contrasted with 
the cheap labor and dear fuel of Kurope, would necessitate great 
changes in the technology of the industry if it were ever to be estab- 
lished on a firm commercial footing. The most interesting features 
of the early American experimental work, indeed, were the frank 
acceptance of these conditions and the careful search for alternative 
methods. 

In the general effort to cut down the excessive labor cost of the prod- 
uct, two distinct though interrelated points of attack were obvious. 
In order to fit the industry satisfactorily into American labor and fuel 
condition, both the burning and the grinding processes must be 
cheapened by mechanical improvements. Both of these points 
received prompt attention, and both the necessary improvements 
were effected when the old stationary kihis and millstones were dis- 
placed, respectively, by the rotary kUn and by modem grinding 
machinery. 

TBI BOTABT XlUt ASD ITS ZITXCT OV THE nDUBTKT. 

Of the two changes, the substitution of the rotary for the station- 
ary kiln demands the greater attention, not only because it is the more 
distinctively American but abo because of its important effects on 
the industry. Though the rotary was foreshadowed at an earlier 
date, the Ransome patents (Great Britain, 1885; United States, 
1886) are usuaUy considered to be the basis of its later developments, 
the kilns now in use being the direct successors of those of the Ran- 
some type. 

For present purposes it is sufficient to describe the rotary (din as a 
steel cylinder lined with fire brick and set at a slight inclination to the 
horizontal. The raw mixture is fed in at the upper end and travels 
dowly downward by gravity as the kiln is revolved. The fuel is 
blown in at the lower end, and the burned clinker also falls out at tliis 
lower end. It had been expected that the fuel to be used in the Ran- 
some kiln would be producer gas, but as a matter of fact when tlie 
rotary was first successfully used in the cement industry — at South 
Rondout, N. Y., in 1889 — petroleum was used as fuel, and for some 
years its use continued to be the current American practice. 

At the South Rondout plant it was found possible to charge the 
mixed and ground raw materials direct to the kiln without wetting, 
80 that another step had been made in the industry. In 1891, at 
Montezuma, N. Y., naturally wet raw materials (marl and clay) were 
charged into the kiln without preliminary drying. The two main 
types of present American practice were thus in existence — the dry 
process, used with limestone or cement rock, and the wet process, 
used with marl. Of the two, the dry process has proved far the more 
economical and at present is almost universally used. 
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The next step in the development of American cement manufacture 
ing methods b^an about 1895, when powdered coal was first substi- 
tuted for petroleum as fuel. Its use very soon became standard 
practice throughout the United States, except at the few localities 
where petroleum or natural gas abounded. 

The most recent development in the rotary kiln has been purely 
a matter of dimension. In 1903 American rotaries had become 
practically standardized in size and capacity. Almost every kiln 
in the country used on dry materials was 60 feet in length, and a kiln 
of this size had a rated capacity of 200 barrels of cement a day. In 
the Lehigh district the 60-foot kilns usually yielded a little more than 
their nominal capacity, and elsewhere a little less. Beginning with 
the proved success of longer idlns at the Edison plant, however, a 
rapid lengthening commenced about 1905 and as yet has not steadied 
down to anything like standardization. The kilns now installed 
usually range between 100 and 150 feet in length and yield from 400 
to 800 barrels a day. A few kilns 250 feet in length are in operation. 

DfPROVZHZVTB DT QUHSISa. 

Parallel with the changes in type and capacity came the great 
changes in crushing and grinding machinery which have produced the 
enormous tonnages of raw and finished material. The cracker 
crushers and millstones of the early industry have given place to 
larger and more efficient reducers. At present the gyratory crusher 
is almost exclusively used for the first stage of reduction. For finer 
grinding Griffin and Huntingdon mills were at first used; later ball 
and tube mills came into favor; but at present there seems to be some 
reaction toward eariier types. 

GROWTH OF THE AHERIOAN INDUSTHT TO 1904. 

In 1905 the United States Geolo^cal Survey published, as ita 
Bulletin 243, a report on the cement materials and industry of the 
United States, prepared by the present writer. The introduction to 
Bulletin 243, written in 1904, contained the following statements, 
which will bear repetition here because the industry has advanced so 
rapidly that the summary of its growth to 1904 already has a certain 
historic interest. 

lite tnorvelouB growth of the American Portland cement indiyby during the last 
decade has created a widespread interest in the raw materials and in the methods ot 
manufacture of Portland cement-~lhe moet important of the cementing materials. 
This interest is not confined to those who have a direct financial stake in the industry, 
ae the product ia bo widely used and its usee are eo rapidly increasing that some 
knowled^ of its manufacture and properties is of advantage to everyone connected, 
directly or indirectly, with engineering or building operations. In ita importance 
to our present civilization cement is surpassed among mineral products only by iron, 
coal, and oil; iq rate of increase in annual production during the kat decade ev«i 
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these Ihiee products can not be compared witb it. In 1890 the total production of 
Poitfuid cement in the United Statee waa 335,500 barrels, valued at tiW.OSOy in 
1903 it exceeded 22,000,000 barrels, while the value was over $27,000,000. 

During the 16 yean which witnessed the development of the American Portland 
cement industry two ol the greatest gold diacoveriea in the world's history were 
made — in Colorado and Alaska. The annual gold production of Alaska and of the 
Cripple Greek district in Colorado have * * * irafMeesed them£elvee on every 
citizen of the United States, whUe the Portland cement industry has attained its 
growth in comparative obscurity. Yet on comparison it will be seen that the gold 
pfodoction of Cripple Creek is only slightly greater than the output of Portland 
cement, whiletheproductionofAlaskaBinksintocompttiBtiveinsignificance. • » • 
Moreover the greater part of this increase has been within the last decade. The pro- 
doction of Portland cement has risen from a little less than $2,500,000 in 1896 to ovm 
127,000,000 in 1903. 

Since the above paragraphs were written the American Portland 
cement industry has continued its remarkable rate of growth, reach- 
ing in 191 1 an output of over 78,500,000 barrels, valued at more than 
$66,000,000. 

STATISTICS OF THE PORTLAND CEMENT INDUSTRY.' 
AMBBICAN FBODUCnON OF FOKTI.Ain> CEMENT, 1870-1911. 

The following statistics cover the annual production of Portland 
cemeat in thia country from the inception of the industry, in the 
BaHy seventies, to the present day: 

Production of Pojibmd eemMtin tie UnUed Siatea, 1870-1911, inbarrelt. 
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This table shows fair but not in any way remarkable growth until 
1895. In the latter year, however, a very striking development 
commenced, coincident with the development of coal burning in the 
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rotary kiln, and continued until 1907, when it was checked by the 
financial crisia. The check was only temporary, however, and within 
a year the old rate of advance had been reeumed. 

The phenomenal growth of the American Portland cement industry 
is brought out etill more strikingly in figure 1, where the later portion 
of the advance is shown graphxc^ly for the years 1890 to 1911, 
inclusive. For convenience in comparison, the gradual decline of 
the American natural cement industry has been plotted on the same 
diagram. 

The rate of growth of Portland cement has been irregular, but has 
been high on the average, and has in no year been actually reversed. 
The production of natural cement, on the other hand, reached its 
maximum in 1899, with an output of 9,868,179 barrels, since when 
it has shown a rapid and almost continuous decrease each year, until 
now it is relatively unimportant. 

The recent growth of the American Portland cement industry has, 
as a matter of fact, been so rapid that its present relative standing 
among our great industries is realized by few, even of those directly 
intereated. Its importance, both conmaercially and financially, is 
perhaps beet brou^t out by comparison with the American iron 
industry, whose standing is everywhere fully understood. 

Several years ago, when the author first published comparative 
data on the cement and iron industries, it was necessary to plot the 
cement output in barrels and the pig-iron output in long tons 
in order to bring them together on the same diagram. Since 
then, however, the growth of the Portland cement manufacture has 
been so rapid that this expedient is no longer necessary; it is now 
possible to make comparisons by tables that give similar units of 
quantity. The following table gives the output of pig iron and 
Portland cement in long tons during every fifth year from 1880 to 
1910, inclusive. 
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Perhaps the most striking feature connected with the Portland 

cement industry in this country has been the decUne in cement prices 

«834»— Bull. 522—18 3 ^ , 

.ecy Google 



34 POBTLAND CKMBNT HATBBULS OF UNITED STATES. 

during the tnst 30 years. This decliDe has, as a matter of tact, been 
as steady and as marked as the growth in annual output. 
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The following table gives the average price per barrel of Portland 
cement in bulk at the point of manufacture, derived from the official 
figures published amiually by the Geotogioal Survey. The price 
excludes the cost of the package, but includes packing-hotise labor: 
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Average pricei prr barrtl of Portland eemmt, 1870-1911 . 
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Iq the diagram on page 34 (fig. 2) the fall in cement prices &om 
1880 to 1911 18 shown graphically. 

DCPOKTS OF TOREiaN CXKBNT. 

In the early history of the American Portland cement industiy 
the domestic price of cement was regulated lai^ly by the price of the 
imported product. During recent yeare, however, domestic prices 
have been so low that foreign cements can not bo profitably brought 
in except at a few places on the Pacific coast. The import trade has 
therefore ceased to be of serious interest to the American producer. 

The following table shows the foreign cement imported into the 
Unitftfl States during the years 1878 to 1611, inclusive. Owing to the 
manner in which import statistics are grouped under existing tariff 
schedules, the quantities given include not only Portland cement, 
but all other hydraulic cements. Portland cement, however, probably 
makes up at least 95 per cent of the total in each year. 
Jmporti of foreign e«maU, 1878-1$11, in barrelt. 
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XXFOBTS OF AKXBIOAN OBICENT. 

The United States exports very little cement, the quantity annually 
slupped rai^;ing usually between 1 and 3 per cent of the domestic 
production. The following table gives the quantity and value of all 
classes of hydraulic cement exported during the years 1900-1911, 
iodusive. Theee totals represent Portland cement almost exclusively. 
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POBI'LAND CEUENT HA.TBBIALS OF UNITED STATES. 
Export* ofhsdrmdie eemmt, 1900-1911, in bamlt 
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Probably much more serious attention will be given to the export 
trade in future, particularly by the eastern mills, for its development 
seems to be the simplest method of disposing of the surplus which aovr 
periodically weighs on the eastern cement market. Of course an ex- 
port trade in a commodity like cement— relatively bulky and low ia 
value — does not promise any lai^e direct profit to the individual pro- 
ducer, but indirectly the creation and maintenance of such a trade will 
benefit the industry at large. Owing to the scanty fuel supplies of 
most parts of South and Central America and the West Indies the 
development of local cement industries seems unlikely in those 
promising markets. 

aEOOBAPHIC COHCENTBATION OF THE CEUEHT OmVBIBY. 

POBTLAKD CEMENT PKODUCTION, BY STATES. 

In 1906 and 1907 the leading cement-producing States ranked in 
the same order, as follows: Pennsylvania, New Jersey, Indiana, 
Michigan, Kansas, New York, Illinois, Missouri. In 1908, however, 
some very notable changes in rank occurred, owing to the decreases 
shown by the Eastern States and Michigan, and the heavy increases 
reported from some of the Middle Western States. The order of pro- 
duction in 1908 was therefore as follows: Pennsylvania, Indiana, 
Kansas, Illinois, New Jersey, Michigan, Missouri, New York. 

In 1909 Pennsylvania still led in production, followed in order by 
nearly the same States as in 1908, but Missouri ran ahead of Michi- 
gan. In 1910 and 1911 Michigan occupied eighth place, owing to 
the rapid rise of California as a producer, this State having passed 
Kansas and taken third place. 

In the following table the Portland cement production is given by 
States, or by groups of States where there are less than three producers 
in a single State. By the term "producer" is meant a Portland 
cement manufacturing company, whether the company operates one 
or more plants. In the table the term "producing plant" is apphed 
to a mill or group of mills located at one place and operated by one 
company, but each establishment at a different place is counted as 
a plant. 
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Pnduetion of Portland eement in the Uniitd StaUi in 1910 and 1911, by Slatf. 
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PBODUCTION BY COMMERCIAL D1STBICT8. 

In the present grouping the United States has been divided into 11 
subdivisions based on the grouping of plants in direct relation to the 
trade territory covered by each group. This grouping ie also logical 
when the raw materials are considered. For instance, the plants in 
northeastern Indiana and northern Kentucky, all of which are near 
Ohio River, and all of which use hard limestone, are grouped to- 
gether, and those in Michigan and northeastern Indiana, most of 
which use marl, are grouped together. Plants near Chicago, 
whether in lUinois or Indiana, are logically grouped together be- 
cause of their nearly equal freight rates. The Southeastern States, 
in which plants use mostly Appalacliian hmestone, are grouped to- 
gether, and central Texas has been transferred to the group of Great 
Plains States, to which it more logically belongs. Plants between 
Missouri River and Mississippi River in Missouri and Iowa are 
grouped tt^ether, and the plants in the Rocky Mountain States and 
western Texas are considered in a group intermediate between the 
Great Plains and the Pacific coast. The following table summarizes 
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the statistica for 1910 and 1911 for each district with regard to the 
numher of active planto, the total production in 1910 and 1911, the 
percentage of gain and loss in I9I1, and the average price per harrel. 

Froduoion of Portland etmml in 1910 and 1911, by 
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This table brings out some interesting facts concerning the 1911 
output in the several districts. According to the returns received 
ihere were decreases In production in 1911 aa compared with 1910 
in ihe Lehigh, Michigan-northeastern Indiana, Kentudr^-aouthem 
Indiana, Great Plains, and Rocky Mountain districts. The increases 
recorded in production were in the New York, Ohio-western Pennsyl- 
vania, niinoie-northwestem Intliana, Southeastern States, Iowa- 
Missouri, and Pacific coast districts. The greatest decrease in pro- 
duction was in the Great Plains district, which amounted to 9.23 per 
cent of the 1910 production. The greatest increase in production, 
31.85 per cent, was recorded in the Southeastern States, and the 
Pacific coast showed a gain of nearly 14 pw cent. These two lai^e 
increases were due in large part to the starting of three new mills 
in the Southeastern and two new mills in the Pacific coast States. 

PKODUOnON OP THE LBHIOH DISTEIOT, 1890-1910. 

The Portland cement industry still exhibits, though to a less d^ree, 
the same tendency toward geographic centndization that gave Pitts- 
burgh its preeminence as an iron producer. The Portland cement 
plants are concentrated in the so-called Lehigh district of Pennsyl- 
vania and its New Jersey continuation. The Lehigh district is the 
place where the Portland cement manufacture was first undertaken 
on a large scale, and it owes its continued preeminence to its posses- 
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aioD of good r&w materials, good labor, good and fairly cheap fuel, 
and excellent transportation facilities to large eastern markets. At 
present, however, each year witnesses a marked narrowing of the 
prohtable market area for Inhigh cement. The growth of the dis- 
trict is being limited by that of competing locaUtiea, just as the 
growth of the Pittsburgh steel district is being limited by that of 
Gary, Buffalo, Birmingham, and the Atlantic plants. During ordi- 
nary years, the existing cement plants in western Pennsylvania now 
Emit the western Pennsylvania and Ohio shipments, and the plants 
in West Virginia, Virginia, and New York are mora and more restrict- 
ing shipments to the South and the East. 

The Lehigh district possesses great manufacturing advantages, and 
its annual output has by no means necessarily reached its maximum, 
but the decrease in the margin of profit and the narrowing of the 
market area are so obvious that strong companies can no longer look 
to their Lehigh district plants as being sufficient for the future. 

The following table shows the production of the Lehigh district 
for each year since 1890, the total production, and the percentage of 
the Lehigh district out^iut to the total production: 
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PART II. RAW MATERIALS OF THE PORTLAND CEMENT 

INDUSTRY. 

INTRODTJCTION. 

DEFINITION OF FOBTI.AN1} OBHSMT. 

Portland cement is an artUicial chemical product of fairly definite 
composition, containing approximately 60 to 65 per cent lime, 20 to 25 
per cent silica, and 5 to 12 per cent iron oxide and alumina. Each of 
the four constituents named may vary within certain limits, but these 
possible variations are so interrelated that it is possible to express the 
genera] composition of present-day Portland cements very closely by 
a formula, even though it be an empirical one. 

BTAaSS Df ICANUTACTtTSB. 

The essential feature in the manufacture of Portland cement is the 
formation of a fairly definite chemical compound under the action of 
intense heat. That this may be properly accomplished and that the 
compound so formed may be put in shape for utilization, three general 
stages in manufacture are necessary, whatever the details of the 
processes employed may be: First, raw materials of proper chemical 
and physical composition must be intimately mixed in proper pro- 
portions, drying and fine grinding being necessary to secure the very 
essential intimacy of the mixing; second, the raw mix thus prepared 
must be burned at a vety high temperature until it unites chemically 
and physically as a clinkered mass; third, the clinker so formed must 
be ground very finely. The end result of these processes is the 
Portland cement of commerce. 

HATBB.IALS USXD. 

The raw materials used in the manufacture of Portland cement 
may, for convenience, be grouped as (1) cement materials proper, 
including limestone, marl, shells, cement rock, clay, shale, and so 
forth, which may be combined to form the actual cement mixture; 

(2) fuels, including the coal, oil, or gas used to bum the cement, 
as well as the fuel usually required to furnish power for the plant; 

(3) fluxes and retarders, including gypsum, lime chloride, alkalies, 
fluorite, and the like, which may be added to the cement or the cement 
mixture at different stages to accomplish certain purposes. 

These several classes of raw materials will be discussed in the order 
named, greatest attention being paid to the cement materials proper. 
It should be observed, however, that this very concentration of 
attention on the cement materials proper has led to serious errors 
in the location of cement plants. It can hardly be stated too strongly 
that no degree of excellence in the limestone or shale can make up 
40 
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for & poor or expensive fuel supply or for a small market. On the 
other hand, givea cheap fuel and a good market, the manufacturer 
may be justified in building a plant to use very poor limestones. 

CEMENT MATERIALS PROPER. i 

APFSOZHfATE COKFOSmON OF THE OBHBHT HIZTTmB. 
In order to determine what raw materials can be used to advantage 
in the Portland cement mixture it is first necessary to decide in a 
general way the composition of the mixture. 

The ordinary Portland cement mixture, when made from normal 
and natural raw materials, contains about 75 per cent of lime carbo- 
nate (CaCO,) and 20 per cent of silica (SiO,), alumina (MjO^), and 
iron oxide (Fe,Ot) together, the remaining 5 per cent including mag- 
nesium carbonate, alkalies, sulphur, and other unavoidable but 
onnecessary constituents. When blast-furnace slag is used in the 
mixture, the bulk composition will be suitably modified. 

The essential elements entering into a Portland cement mixture — 
sUica, alumina, iron, and lime — are all extremely abundant, being in 
fact the four commonest elements of the earth's crust. They are 
also very widely distributed, occurring naturally in diiferent forms 
as important constituents of many different kinds of rocks. It can 
therefore readily be seen that, so far as ease in finding raw materials 
of proper chemical composition alone is concerned, a satisfactory Port- 
land cement mixture could be prepared by combining, in an almost 
infinite number of ways and proportions, many possible kinds of raw 
materials. Obviously, too, the artificiality of the mixture might 
show all possible gradations, varying from one extreme, where a 
natural rock of absolutely correct theoretical composition was alone 
used, to the other extreme, where two or more raw materials 
widely different in composition woulil have to be mixed in almost 
equal amounts. 

BAW HATEBIAI.8 AC7rnAIJ.Y USED. 
The almost infinite number of raw materials that are theoretically 
available for cement making are, however, reduced to a very few 
under existing commercial conditions. The necessity of making the 
mixture as cheaply as possible prevents the use of a lai^e number of 
materials that would be available if chemical composition were the 
only thing to be considered. Some materials that are otherwise 
suitable are too scarce; some are too difficult to pulverize. In con- 
sequence, a comparatively few combinations of raw materials are 
actually used. 

In certain localities there are deposits of ar^laceous (clayey) 
limestone or "cement rock" in which the lime, silica, alumina, and 
iron oxide exist in so nearly the proper proportions that only a rela- 
tively small amount (say 10 per cent) of other material is required 
to make a mixture of correct composition. In most cement plants, 
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however, all or nearly all the Decessary lime ia famished by one raw 
materia], and the silica, alumina, and iron oxide are lai^ely or 
entirely supplied by another. At most plants, too, the raw material 
which fumishea the lime is natural — a limestone, chalk, or marl— but 
at a few it is an artificial product, such as the chemically precipitated 
lime carbonate which results as waste from alkali manufacture. The 
siUca, alumina, and iron oxide of the mixture are as a rule derived 
from clays, shales, or slates ; but at a few plants blast-furnace slag is 
used as the silico-aluminous ingredient. 

The chief combinations of raw materials now used in the United 
States in the manufacture of Portland cement may be grouped under 
four heads: (1) Argillaceous limestone (cement rock) and pure lime- 
stone; (2) pure hard limestone and clay or shale; (3) marl and clay; 
(4) siag and limestone. 

PBODUOTIOH ACCOBDma TO SAW KATBIIIALS USED. 

In the following table the production of Portland cement in the 
United States is classified according to the kinds of raw materials from 
which it is manufactured. 

Type 1 comprises cement produced from a mixture of argillaceous 
limestone ("cement rock ") and pure limestone. This is the combina- 
tion of materials used in all the cement plants of the Lehigh district 
of Pennsylvania and New Jersey and at a few western plants. 

Type 2 comprises cement mads from a mixture of comparatively 
pure limestone with clay or shale. This mixture is employed at the 
majority of planta in various parts of the United States. 

Type 3 comprises cement manufactured from a mixture of marl and 
clay. This type of mixture is used in certain plants in Michigan, 
Ohio, Indiana, New York, and Utah. 

Type 4 comprises cement manufactured from a mixture of lime- 
stone and blast-fumace slag. 
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The preceding table shows a decrease in the relative production 
from cement rock (type 1) and marl (type 3), and a corresponding 
increase in the production from limestone (type 2) and slag (type 4). 
TiiB falling off in the relative output from marl was not unexpected, 
and this relative decrease may continue. The decrease in the per- 
cmt^e produced from cement rock is due simply to the lessening 
comparative importance of the Lehigh district (see pp. 38-39), 
but it may be reversed in the near future, for two districts con- 
ttuning cement rock of the Lehigh type, though widely separated 
geographically from the Ijehigh district itself, may become important 
producers within the next few years. 

UUE STONES. 

Limestone is the most important ingredient, in one form or fuiother, 
in a Portland cement mixture. Limestones of certain types are also 
employed in the manufacture of hydraulic limes, natural cements, 
and slag cements. It has therefore heeraed desirable to discuss the 
ori^, composition, varieties, and chemical and physical characters 
of limestone in general. 

OBIQIN OF LIMESTONES. 
Limestones have been formed largely by the accumulation on 
the sea bottom of the calcareous remains of such oi^anisms as the 
forsminifera, corals, and mollusks. Many of the thick and extensive 
Umegtone deposits of the Uiuted States were probably marine deposits 
formed in this way. Some of theee limestones still show the fossils 
of which they were formed, but others have lost all trace of organic 
ori^ through the fine grinding to which the shells and corals were 
subjected before their deposition. It is probable also that a lai^ 
part of the calcium carbonate of theee limestones was a purely chemi- 
cal deposit from solution, cementing the shell fragments together. 

Other limestones, far less extensive though important in the present 
connection, owe their ori^n to the indirect action of organisms. The 
marls, so important to-day as Portland cement materials, fall in 
Uiis class. (See pp. 51-52.) Deposits of this class are small. 

Deposition from solution by purely chemical means has undoubt- 
edly given rise to numerous limestone deposits. When this deposi- 
tion took place in caverns or in the open air it gave rise to onyx 
deposits and to the "travertine maris" of certwn locnlities in Ohio 
and elsewhere. When it took place in isolated portions of the sea 
through evaporation of the sea water it gave rise to the limestone 
beds which so frequently accompany deposits of salt and gypsum. 

VARIETIES OF LIMESTONB. 

A number of terms, based upon differences of origin, texture, and 
composition, are in general use for the different varieties of limestone. 

Google 



44 PORTLAND CEMEHT MATEBIALB OF DOTTED STATES. 

The tenn "marble," properly used, denotes a limestone wMch, 
throi^h the action of heat and pressure, has become more or less 
distinctly crystalline, but the word is often used to denote any lime- 
stone that will take a good polish. The term "marl," as at present 
used in cement manufacture, is applied to a loosely cem^ited mass 
of lime caxbonate fonned in lake basins (p. 51). Calcareous tufa and 
travertine are more or lees compact hmestones, deposited by spring 
or stream waters along their courses. Oolitic limestones, so-called 
because of their resemblance to a mass of &h roe, are made up of 
small rounded grains of lime carbonate having a concentrically lami- 
nated structure. Chalk is a fine-grained limestone composed of finely 
comminuted shells, particularly those of the Porarainifera. The pres- 
ence of much silica gives rise to a siliceous or cherty limestone. If 
the sihca present is in combination with alumina the resulting lime- 
stone will be clayey or argillaceous. 

CHEMICAL COHPOSmoN OF LIUKSTONE. 



A theoretically pure limestone is merely a massive form of the min- 
eral calcite. Such an ideal limestone would therefore consist entirely 
of calcium carbonate or carbonate of lime (CaCO,) or 56 per cent cal- 
cium oxide (CaO) plus 44 per cent carbon dioxide or carbonic acid 
(COj). As might be expected, limestones as quarried differ more or 
less widely from this theoretical composition; (1) they may contain 
magnesia in place of part of the lime; or (2) they may contain sihca, 
iron, alumina, alkalies, or other impurities. 

Magnesia is often described as an "impurity" in limestones, but 
the word hardly expresses the facts. The magnesium carbonate pres- 
ent, whatever its amount, simply serves to replace an equivalent 
amount of calcium carbonate, and the resulting rock, whether little 
or much magnesia is present, is still a pure carbonate rock. Silica, 
alumina, iron, sulphur, and alkalies, however, are actual impurities, 
and not merely chemical replacements of part of the calcium carbon- 
ate. It seems advisable to discriminate between these two classes, 
even though a given sample of limestone may fall under both. 

HAGNBSIA. 

The theoretically pure limestones, are, as above noted, composed 
entirely of calcium carbonate and thus they correspond to the chemical 
formula CaCX),. Even aside from the presence of such impurities 
as iron, alumina, and silica, it may be said that hme is rarely the only 
base in a limestone. During or after the formation of the limestone 
a certain percentage of magnesia is generally introduced in place of 
part of the lime, producing a more or less magnesian limestone. In 
such magnesian hmestones part of the calcium carbonate is replaced 
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by niBgnesium carbonate QS^X),), the general formula for magnesian 
Umestone being therefore i CaCO,, y MgCO,. In this formula x may 
vary from 100 per cent to zero, while y will vary inversely from zero 
to 100 per cent. If the two carbonates are united in equal molecular 
proportionB, the resultant rock is called dolomite. It has the formula 
CaCO|, MgCO, and is composed of 54.35 per cent calcium carbonate 
and 45.65 per cent magnesium carbonate. If the calcium carbonate 
has been entirely replaced by magnesium carbonate, the resulting 
pure cu-boDate of magnesia is called magneeite, having the formula 
MgOO, and being composed of 47.6 per cent magnesia (MgO) and 52.4 
per cent carbon dioxide (CO,). 

Rocks of the limestone sraies may therefore vary in composition 
from pure calcite limeetone at one end of the series to pure magneeite 
at the other. The term limestone has, however, been restricted in 
general use to rocks wluch have a composition between that of calcite 
and that of dolomite. All the more uncommon phases, carrying more 
than 45.65 per cent magnesium carbonate, are usually described 
simply as impure magnesitee. 

The presence of much magnesia in finished Portland cement is con- 
sidered undesirable, 4 per cent being the maximum permissible under 
most American specifications. Therefore the limestone to be used in 
Portland cement manufacture should not carry more than 3 or 4 per 
cent of magnesium carbonate. 

aiUCA ALONB. 

The silica in limestone may be combined with alumina as a clayey 
impurity or may not be combined with it. Its ^ect on the value 
of the limestone for cement making is very different in the two cases. 
If silica alone is present in a limestone, alumina and iron oxide being 
entirely or practically absent, it may occur in any one of three forms, 
each of which has a different effect on the cement produced. 

1. In perhaps its commonest form, silica may be present as nodules, 
masses, or beds of flint or chert. Silica in this form will enter into 
combination with the lime of a cement mixture, but not readily nor 
completely unless fluxes are added. The presence of chert and flint, 
however, adds heavily to the expense of both the crushing and the 
fine grinding. Genwally even a small proportion of silica in this form 
scattered through a mass of limestone will be sufficient to rule the 
rock out of consideration as a possible Portland cement material. 
However, it is entirely a matter of relative cost, and if circumstances 
justify or require the use of cherty limestones no insuperable techno- 
Ic^ obstacles stand in the way of their use. 

2. A few rare beds (for example, the hydraulic limestones of Teil, 
France) contain a la^;e amount of silica and almost no alumina and 
iron, yet the silica and lime combine readily, though not perfectly, 
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on burning. It is probable that the silica is very Snelj divided and 
is really in colloidal form, occurring as the result of chemical pre- 
cipitation or organic action. Very few highly sihceous limestones, 
however, will make a sound cement on burning unless alumina, iron 
oxide, or some equivalent fluxes are present. 

3. In the crystalline limeatooes (marbles), and less commonly in 
limestones which are but slightly reciystaliized, ^ica may occur as a 
constituent of one of the sihcate minerals. As these will usually 
cont^n alumina or iron oxide, in addition to the silica, they may be 
more properly discussed under the next heading. 

eiUCA WITH ALUHINA AND IKON. 

Silica, alumina, and generally iron oxide combined in the form of 
clay, are very common impurities in limestones. When present in 
this combined form they unite readily with the lime under the action 
of heat. An argillaceous limestone, therefore, if otherwise satisfac- 
tory, forms an excellent basis for a Portland-cement mixture, and all 
such limestones are of peculiar interest in the present connection. 
The best known are the cement rocks of the Lehigh district of 
Pennsylvania and New Jersey, 

Silica, accompanied by alumina and iron, is present in some crys- 
talline limestones as a more or less complex silicate. If this silicate 
is imiformly distributed throughout the mass of the limestone the 
rock may be very suitable for cement. In many such silicates, how- 
ever, magnesia is -present in objectionable quantity. The best lime- 
stones of this type known to the writer arc those described by L. J. 
Pepperberg from Montana.' (See p. 254.) 



The iron present in a limestone is generally in the form of the oxide 
(Fe,Oj) or the sulphide (FeS,), or, more rarely, as a carbonate or 
in a complex silicate. In any of these forms it is a very useful fluxing 
agent, aiding greatly in the combination of the silica and lime in the 
kiln. When present as the sulphide, however, it is to be avoided, for 
the sulphur may, under certain conditions of burning, be injurious to 
the resulting cement, but in modern rotary practice, injury rarely 
happens. 

PHYSICAL CHARACTERS OF LIMESTONES. 

Owing partly to differences in origin, limestones of different kinds 
show great variations in physical characters, texture, hardness, color, 
weight, porosity, and compactness, ranging from the loosely con- 
solidated marls and shell beds, through the chalks, to the hard, 
compact normal limestones and the still more compact crystalline 
limestones or marbles. In absorptive properties and in density, both 
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of i^ch ore of importaiice in cement making, the differences are very 
great. The chalky hmestonee may show a specific gravity as low as 
1.85, corresponding to a weight of 110 pounds to the cubic foot, 
wfaersae the compact limestones, cominonly used for building pur- 
poses, range between 2.3 and 2.9, corresponding approximately to 
wei^ts of 140 to 185 pounds to the cubic foot. 

From the point of view of the Portland cement manufacturer these 
Tariations in ph^cal properties are of economic interest chieSy in 
their bearing on two points — the percentage of water carried by the 
limestone as quarried and the ease with which the rock may be 
crashed and p^IlTerized. To some extent the two properties coun- 
terbalance each other; the softer the limestone ihe more absorbent 
is it likely to be. 

EFFECT OF HEAT ON LIHESTONE. 

If a practically pure nonmagnesian limestone is heated its carbtm 
dioxide is driven off, leaving quicklime (calcium oxide, CaO). If a 
practically pure magnesian limestone is similarly treated, the product 
is a mixture of calcium oxide and magnesium oxide (MgO) . The rapid- 
ity and perfection of this decomposition can be increased by passing 
steam or air through the burning mass. In practice this is accom- 
plished either by the direct injection of air or steam or more simply 
by thorou^y wetting the limestone before putting it into the kiln. 

If, however, the limestone contains an appreciable amount of silica^ 
aluminaj and iron, the effects of heat will not be so simple. At tem- 
peratures of 800° C. and upward these clayey impurities will combine 
with the lime oxide, giving silicates, alimiinates, and related salts of 
lime, and will produce a natural cement. An artificial mixture of a 
certain uniform composition, burned at a hi^er temperature, will 
give a Portland cement. 

UUESTONES USED IN CEMENT MANtJFAtTTUBB. 

As stated on page 42, various types of limestone may be used in the 
maaufactnre of Portland cement. 

ABQILUCEOUB UHBSTOKBS (CEHENT KOCK). 

An argillaceous limestone containing approximately 75 per cent of 
lime carbonate and 20 per cent of clayey materials (silica, alumina, 
and iron oxide) would, of course, be the ideal material for use in the 
manufacture of Portland cement, as such a rock would contain within 
itself in the proper proportions all the necessary ingredients. It 
would require the addition of no other material, but when burnt alone 
would give a good cement. This ideal cement material is never 
found, but certain argillaceous limestones approach it very closely in 
composition. 
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The most important deposit of these argillaceous limeatonea or 
"cement rocks" is that extemdvely utilized in Portland cement 
manufacture in the Lehigh district, which comprises parts of Berks, 
Lehigh, and Northampton counties, Fa., and of Warren Comity, N. J. 
Within this relatively small area are situated 21 Portland cement ' 
mills, which produce a little over one-third of the entire American 
output. As depoGiits of the cement rock used by these plants extend 
far beyond the present Lehigh district, a marked extension of the 
district will probably take place as the need for lai^r supplies of raw 
material becomes more apparent. 

The "cement rock" of the Lehigh district, a highly argillaceous 
limestone of Ordovician age, is about 300 feet thick. The rock is 
very dark gray and commonly has a slaty fracture. In compoeition 
it ranges from about 60 per cent lime carbonate with 30 per cent 
clayey material up to 80 per cent lime carbonate with 15 per cent of 
silica, alumina, and iron. The lower beds of the formation every- 
where contain more lime carbonate than the higher ones. The con- 
tent of magnesium carbonate is high, ss Portland-cement material 
goes, ranging from 3 to 6 per cent. 

Near and in some places immediately beneath this cement rock 
are beds of purer limestone, containing front 85 to 96 per cent lime 
carbonate. The usual practice in the Pennsylvania and New Jersey 
plants has been, therefore, to mix a relatively small amoimt of this 
purer limestone with the low-lime "cement rock" in such proportions 
as to give a proper cement mixture. 

The economic and technologic advantages of such a combination 
are very evident. Both the pure limestone and the cement rock, 
particularly the latter, can be quarried very easily and cheaply. 
As quarried they carry but little water, so that the expense of drying 
them is slight. The fact that about four-fifths of the cement mixture 
will be made up of a natural cement rock permits coarser grinding 
of the raw mixture than would be permissible in plante usix^ pure 
limestone or marl with clay. When natural cement rock is usewi as 
part of the mixture less fuel is probably necessary to clinker the mix- 
ture than when pure limestone is mixed wit}i clay. 

Such mixtures of argillaceous limestone or "cement rock" with a 
small amount of pure limestone evidently possess important advan- 
tages over mixtures of pure hard limestone or marl with clay. Th^ 
are, on the other hand, less advantageous as cement materials than 
the chalky limestones. (See pp. 50-51.) 

The analyses in the table below are fairly representative of the 
materials employed in the Lehigh district. The first four are of 
"cement rock," the last two of the purer limestone. 
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Certain Portland cement plants, particularly in the western part of 
the United States, use combinations of materials closely similar to 
those in the Lehigh district. Analyses are given in the following 
table: 

Analyte* of "cement rod" and limatoiu from the welUnt Uniltd Statet. 
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In addition to these cement rocks many of the chalky limestones 
(see pp. 50-61) u-e sufficiently ai^;iUaceous to be classed as such. 
Because of their softness, however, all the chalky limestones will be 
described tc^ether. 



FUSE BAMO UMEerroNES. 



Soon after the American Portland cement industry had become 
fairly well established in the Lehigh district attempts were made in 
New York State to manufacture Portland cement from a mixture of 
pure limestone and clay. These attempts were not commercially suc- 
cessful, and although their failure was not due to any defects in the 
limestone used, a certain prejudice arose against the use of the hard 
limestones. In recent years, however, this has disappeared, and a 
very large proportion of the American output is now made from mix- 
tures of limestone with clay or shale. The use of the hard limestone 
is doubtless due in great part to recent improvements in gmndiiig 
machinery, for most of the purer limestones are much harder than 
argillaceous limestones like the Lehigh district "cement rock," and it 
was very difficult to pulverize them finely and cheaply with the crush- 
ing appliances in use when the Portland cement industry was first 
started in Amesica. 
48834"— Bull, a 
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Analyses of representative pure hard limestOQes and of the clays 
or shales with which they are mixed are given in the following table: 

Analgta o/' pure hard Hmatonet and elayty mattrialt. 
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The first hmestone analysis represents a type used in several plants 
in the Middle West. It is a relatively impure limestone, its principal 
impurity being iron oxide. It contains 8.22 per cent of iron oxid« 
anA alumina, as compared with 1.72 per cent of silica, and therefore 
great care is req\iired in selecting a suitable high-silica clay to mix 
with it. 

aorr umbotonbs (chauc). 

Chalk, properly speaking, is a pure carbonate of lime, composed 
of the remains of the shells of minute organisms, those of Foraminifera 
being especially prominent. The chalks and soft limestones agree 
not only in having usually originated in this way but also in being 
rather soft and therefore readily and cheaply cni^ed and pulverized. 
As Portland cement materials they are therefore almost ideal. One 
defect of these soft, chalky limestones, however, which to a small 
extent counterbalances their obvious advantages ia the fact that 
most of them absorb water very readily. A chalky limestone whicl< in 
a dry season will not carry more than 2 per cent of moisture as quar- 
ried may, in consequence of prolonged wet weather, show as high as 
16 or 20 per cent of water. This difficulty can, of course, be avoided 
if care is taken in quarrying to avoid unnecessary exposure to water 
and, if necessary, to provide facihties for storing a supply of the raw 
materials during wet seasons. 

The chalks and chalky limestones are coniined almost entirely to 
certain Southern and Western States. They are all of approximately 
the same geologic ages — Cretaceous or Tertiary — and are mostly 
confined to one division of the Cretaceous. The principal chalk or 
soft hmestone deposits available for use in Portland cement manu- 
facture occur in three widely separated areas, in (a) Alabama and 
Mississippi, Q)) Texas and Arkansas, and (c) Iowa, Nebraska, North 
and South Dakota. 

In composition these chalks, or "rotten limestones," vary from a 
rather pure calcium carbonate, low in both magnesia and clayey 
materials, to an impure clayey limestone requiring fittle additional 
clay to make it fit for use in Portland cement manufacture. TUm 
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aoalyses in the table below show the range of compositioa of the 
chalky limestoues. 

Atiafytet of tAaOa/ l^metto^a. 
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FRMB-WATEB MAKL8. 

Marls, ia th« sense in which the term is used in the Portland cement 
industry, are incoherent hmestones which have been deposited in the 
basins of existing or extinct lakes. So far as chemical composition is 
coacemed, marls are practically pure limestones, being composed 
almost entirely of calcium carbonate. Physically, however, they are 
granular, incoherent deposits, differing greatly from the compact 
rocks commonly called limestones. Their curious physical character 
is due to the conditions under which they were deposited. 

The aboTe definition of marl is that commonly used in the cement 
industry, but in geologic and agricultural reports, particularly in 
those issued before the Portland cement industry became prominent 
in this countTy, the term has been used for several very different sub- 
stances. The following three uses of the term have been particularly 
common, and must be guarded against when such reports are being 
examined for descriptions of deposits of cement materials: 

(1) In early days the terms "marls" and "marlytes" were applied 
to calcareous shales and often to shales which were not particularly 
calcareous. This use of the term will be found in many of the earher 
geolt^c reports issued by New York, Ohio, and other interior States. 

(2) In New Jersey and in the States farther south that border on 
the Atlantic and Gulf of Mexico the term ' ' marl " is commonly applied 
to deposits of soft, chalky, or unconsolidated limestone, much of 
which contains considerable clayey apd phosphatic matter. These 
limestones are of marine origin and are not related to the fresh-water 
marl deposits here discussed. 

(3) In the States mentioned in the last paragraph, but particu- 
larly in New Jersey and Vii^inia, large deposits of the so-called 
"greensand marls" occur. This material is in no way related to the 
true marls, which are essentially hme carbonates, but is almost 
entirely an iron silicate, with very small percentages of clayey, calca^ 
reous, and phosphatic matter. 

The exact cause of the deposition of marls has been the subject of 
much investigation and discussion, pfolicularly since they have 
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become of ecoaomic importance. The most importaat papers con- 
cerning tbia question are as follows : 
Blatchlet, W. S., and Abhlby, G. H., The lakes of nortiiero lodiani and llieir 

associated marl deposits: Twenty-fiftli Ann. Rept. Indi&iu Dept. Geol. and Nat. 

RcB., 1900, pp. 31-321. 
Davis, C. A., Acontribution to the natuml history of marl: Jow.Geology, vol. 8, 1900, 

pp. 48.'i-497. 
Second contribution to the natuial history of niarl: Jour. Geology, vol. 9, 

1901, pp. 491-506. 
A contribution to the natural history of marl: Rept. Michigan Geol. Survey, 

vol. 8, pt. 3, 1900, pp. 85-102. 
L&NE, A. C, Koteson the origin of Michigan bog limes: Rept. Michigan Qeol. Survey, 

vol. 8, pt. 3, 1900, pp. 199-223. 

Disr^arding points in controversy, which are of no practical 
importance, it may be said that marls are deposited in lakes from 
spring or stream waters carrying lime carbonate' in solution. The 
actual deposition is due in part to purely physical and chemical 
causes, and in part to the direct or indirect action of animal or vege- 
table life. The result in any case is that a calcareous deposit consist- 
ing of lime carbonate, mostly in a finely granular form, interspersed 
with shells and shell fragments, forms along the sides and over the 
bottom of the lake. 

The geographic distribution of marl deposits is intimately related 
to the geologic history of the region in which they occur. Marl beds 
are the result of the filling of lake basins. Lakes are not common in 
the United States, except in areas which have been glaciated, for 
they are in general due to the damming of streams by glacial material. 
Workable marl deposits, therefore, are confined tdmost exclusively 
to those portions of the United States and Canada lying north of the 
southern limit of the glaciers. 

Important beds occur in the New England States, in central and 
western New York, in Michigan, and in northern Ohio, Indiana, and 
Illinois. Marl occurs also in Wisconsin and Minnesota but haa not 
yet been exploited in these States for cement manufacture. 

Most marls are very pure lime carbonates and require the addition 
of considerable clay to fit them for use in making Portland cement. 
They are readily excavated, but necessarily carry a lai^e proportion 
of water. On this account the mixture is commonly made in the wet 
way, which necessitates driving off a large amount of water in (he 
kilns. Analyses of typical marls and clays are given in the following 
table: 

Analgset of marli and dayi lued in cement planU. 
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SHELL DCPOSTTB. 

Some marl depoeits consist largely of the shells of 6%sh-water mol- 
lusks. The shell deposits here described, however, are of different 
type, being marine in origin. They make up distinct and often large 
beds in several Tertiary formations along the Atlantic coast and axe 
now used as cement materials at Norfolk, Va. Recent shells, made 
kvailable by the oyster industry, are also used in making lime. 

At numerous horizons in the Eocene and Miocene of the Atlantic 
and Gulf coast Tertiary, beds composed largely or entirely of shelb are 
found. In places the shells are simply packed closely together, with no 
&p[HWJah]e amount of foreign matter present. At other points con- 
temporary or later mixture with clay or other impurity has occurred. 

The most striking of these accumulations of toasW shells axe in 
Virginia, North Carolina, and South Carolina, though similar deposits 
occur in the other South Atlantic and Gulf States, 

As oyster shells are now humed into lime at Baltimore, Norfolk, 
and New Orleans, and as attempts may soon be made to utilize them 
as Portland cement material, their average composition is of tech- 
noli^c interest. A search of existing literature on the subject, made 
a few yeaia ago, disclosed very few papers bearing on the composi- 
tion of commercial shell, as procurable in cargoes. Some analyses 
of shell had been reported, but most of these analyses were made for 
scientific purposes, and the chemist selected the purest and cleanest 
shell obtainable. 

During recent work on the marl deposits of eastern North Carolina 
by the author, occasion was taken to sample some cai^oes of oyster 
shells unloaded at Newbem, N. C. The samples were averaged and 
analyzed by A. J. Phillips at the St. I^ouis laboratory of the Survey, 
with the following results: 

AnalyrU o/oytter $htlU {Atlantic oooil), 

8iUca(8iO,) 1.64 

AluiaiiiB (AW),) 86 

Iron oxide (FaiO,) 20 

Linie(CaO) 53.07 

M8Kn«na(MgO) 80 

Pota*(iy)) 22 

8o(lft(N»^) 31 

Sulphur trionde (80,) 31 

I«Miii%DitMO 43.24 

Uoieture 20 

A recent report on Mississippi cement materials contains another 
analysis of commercial sheH, which is reprinted here for comparison. 
This analysis represents the average of a lot of shell from Biloxi, 
Uias. 
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Anatggi* ofoyiUr ihtU4 (Qviftoatl). 

Silica (SiO,) 8,30 

Alumina (Al^,) 73 

Iron oxide (FeaO,l 57 

Liiiie(OBO) 6ft 26 

Magnesia (MgO) 46 

Sulphur trioxide (80,) 26 

Carbon dioxide (CO,) 41.38 



This Mississippi sample is rather more impure than that from 
North Carolina, the principal difference heing in its relatively higher 
percentile of silica. 

These analyses indicate that commercial shell, as ohtainable in 
quantity along the Atlantic and Gulf coasts, is ahout equivalent in 
composition to the purest limestones ordinarily quarried. There 
is no question whatever as to the value of such a product for use in 
lime burning, and there is a fair possibility that it may become useful 
as a cement material. There are, of course, no chemical diiEculties 
connected with its use for the latter purpose. The questions which 
would arise would relate to the cost of pulverizing such materials, 
on which no data exist; and on the possibiUty of obtaining a suffi- 
ciently large and steady supply of shell at a coast point where fuel 
is cheap and good clays are convenient. 

The following papers contain data or references to the subject of 
shell composition: 
Bbown, L. p., and KoraiK, I. S. H., Analysis of oyster Aells and oyster-idiell lime: 

Am. Chem. Jour,, vol. 11, 1889, pp. 36-37. 
Cbu>eb, A, F,,CementBnd Portland cement matarialsofMiniBaippi: BulLMianseippi 

Geol, Survey No. 1, 1907, p. 25. 
Eckel, E, C, The composition of recent ahells: Cement Age, vol. 6, 1908, pp. 244, 421. 
How, Dr., On the comparative composition of some recent shells, a Silurian foml 

shell, and a CaiboniferouB ahell limestone: Am. Jour. Sci., 2d ser., vol. 41, 1866, 

pp. 379-384. 

AUUU WASTB. 

A very large amount of waste results from the manufacture of 
caustic soda. This waste material is chiefly a precipitated form of 
calcium carbonate and if sufficiently free from impurities furnishes 
a cheap source of lime for use in Portland cement manufacture. 

The availabihty of alkali waste for cement making depends largely 
on the process used at the alkali plant. Leblanc-process waste, for 
example, carries a very large proportion of sulphides, which prevent 
its use as a Portland cement material. The ammonia process, on 
the other hand, generally yields very pure lime, mostly carbonate, 
though partly lime hydrate. As pyrite is not employed in the ammo- 
nia process, the waste is usually tow enough in sulphur to be used 
as cement material. The waste may carry a small or a very large 
proportion of magnesia, the percentage varying according to the 
character of the limestone used in the alkali plant. If a limestone 
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iow in mf^nesium carbou&te has been used the resulting waste is a 
reiy satisfactory Portland cement material. 

The following analyses fairly represent the waste at alkaU plants 
using the ammonia process: 

Analj/ut of alkali mute. 
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Of the analyses quoted, those in the first and third columns repre- 
sent materials used in Portland cement manufacture in England and 
the United States. The second and fourth columns represent wastes 
too high in magnesia to be advisable for such use. 

BLAST-PUKHACI RUO. 

True Portland cements, which must be sharply distinguished from 
the slag (or puzzolan) cements (see p. IS) , can be made by burning a 
finely powdered mixture of blast-furnace slag and limestone and 
pulverizing the resulting clinker. 

The atags from iron furnaces consist essentially of lime (CaO), silica 
(SiO}), and alumina (A1,0,), thoi^h small percentages of iron oxide 
(FeO), magnesia (MgO), and sulphur (S) are commonly present. Slag 
may therefore he regarded as a very impure limestone or a very 
calcareous clay, from which the carbon dioxide has been driven off. 
In the United States several plants belonging to the United States 
Steel Corporation manufacture true Portland cement from slag. 

Ilie slag tised at a German Portland cement plant has the following 
range in composition : 

AnaU/ii* oftlag u*ed in Portland eemenl manufaeture. 

Silica (SiO,) 30.0-35.0 

Alumina (AlA) 10.0-14.0 

Iron (wide (FeO) 2-1.2 

LimeCCiiO) 4G.(M9.0 

Uagueeium oxide (MgO) 5-3.5 

Sulphur trioiide (SO,) 2- .6 

ZBON-BKABINa XATEBIAI,8. 

During recent yeais considerable attention has been paid to the 
development of Portland cements carrying relatively high iron and 
low alumina. Cements of this type are said to be better than high- 
alumina cements for use in salt or alkaline waters and to be equally 
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good for other uses. If these advaDtages can be prorbd, there is of 
course considerable room for the development of this type. 

In making high-iron and low-alumina cements the shale or clay 
used in the ordinary cement mixture is replaced either by iron ore 
(Michaelis process) or bygreensand (Spencer-Ek;kel process). Either 
gives a product low in alumina and relatively high in irop. The 
relative advant^es of the two methods of procedure can not well be 
discussed in this place. It is of technologic and commercial interest 
to note, however, that when greensand is used a valuable potash 
by-product is recoverable during the process. 

OLATS AND SHALES. 

COMPOSITION. 

For use as Portland cement materials clays or shales should be free 
from gravel and sand, as the silica present as pebbles or grit is prac- 
tically inert in the kitn unless ground more finely than is economically 
practicable. In composition they shoiild carry not less than 55 per 
cent of silica, and preferably from 60 to 70 per cent. The alumina 
and iron oxide together should he not more than half as great as the 
silica, and the composition will usually be better if they are only 
about one-third. Nodules of lime carbonate, gypsum, or pyrite, if 
present in any quantity, are undesirable, though the lime carbonate 
is not absolutely injurious. Magnesia and the alkaUes should be low, 
preferably not above 3 per cent. 



Clays are ultimately derived from the decay of older rocks, the finer 
particles being carried off by streams and deposited along channeb, 
in lakes, or along parts of the seacoast or sea bottom. In chemical 
composition the clays are made up essentially of silica and alumina, 
though nearly all contain more or less iron oxide and many contain 
lime, magnesia, alkali, and sulphur, but usually in small percentages. 

Shales are clays which have become hardened by pressure. The 
so-called "fire clays" of the "Coal Measures" are shales, as are many 
of the other "clays" of commerce. 

Slates, so far as or^n is concerned, are merely a form of shale in 
which a fine, even, and parallel cleavage has been developed by pres- 
sure. In composition, therefore, they vary exactly as do the shales, 
and so far as composition is concerned they deserve no greater atten- 
tion as a Portland cement material than any other shale. Commercial 
considerations in the slate industry, however, give slate considerable 
local importance. In preparing either roofing slate or mill stock for 
market there is enormous waste, so much material being lost in split- 
ting, sawing, and dressing that only 10 to 25 per cent of the rock 
quarried reaches the market, the remaining 75 to 90 per cent going 
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to the dump heap. Thia waste is not only of no value but is a con- 
tinual source of trouble and expense to the slate quanytnan, and any 
method of disposing of it cheaply, even if it did not yield a direct 
profit, would interest him. 

Much of thia slate waste is of proper composition for use, in combi- 
nation with limestone, in a Portland cement mixture, aa is indicated 
by the table below, which was prepared by the writer some time 
Ago for another purpose, but which is of interest here. It is based 
on many analyses of American roofing slates obtained from a number 
of widely separated slate-producing districts, and its results can be 
accepted as fairly representative. 
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The table shows the possibilities of slate waste in the Portland 
cement industry and also its limitations. As a troublesome waste 
product, the refuse slate could be obtained at the cost of handling by 
a cement plant near a slate quarry. The waste slate would be service- 
able enough, so far as chemical composition is concerned, and could 
be used in place of clay or shale in the cement mixture. To the cement 
manufacturer it would be worth as much as an equivalent amount of 
clay or shale, but no more. 

EXCAVATION OF RAW HATEBIALS. 

The natural raw materials used in Portlan<l cement manufacture 
are obtained by quarrying, mining, or dredging, the method employed 
depending on the physical character of the material and the topo- 
graphic and geologic conditions. 

QDARRTIKQ. 

The term "quarrying," as here used, includes ^1 methods of 
obt^ning raw materials from open excavations — quarries, cuts, or 
pits — whether the material be limestone, shale, or clay. Quarrying is 
the most natural and common method of excavating the raw materials 
for cement manufacture. If marl, which is usually worked by dredg- 
ing, be excluded from consideration, probably 95 per cent of the raw 
materials used at American Portland cement plejats is obtained by 
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quoiTTiiig. If marls be included the percentages excavated by the 
different methods would probably be about as follows: Quarrying, 
92 per cent; dredging, 6 per cent; mining, 2 per cent. 

In most limestone quarries the material is blasted out and loaded 
by hand on cars or carts. In a few limestone and in more shale 
quarries a steam shovel does the loading. In certain clay and shale 
pita the steam shovel does all the work, both excavating and loa<ting 
the raw materialB. 

At most quarries the rock is shipped to the mill as quarried, without 
any treatment except sledging to convenient size for loading. At a 
few, however, crushing plants are installed, from which the rock is 
sent as crushed stone to the mill. At some quarries driers are used, 
the stoDe being dried before it is shipped to the mill. Except for sav- 
ing mill space, this practice seems to have little to commend it. 



The term "mining," as distinguished from "quarrying," denotes 
methods of obtaining any kind of raw material by undei^round work- 
ings, through shafts and tunnels. Mining is,- of course, rarely em- 
ployed LQ excavating substances having a value to the ton so low as 
the raw materials for Portland cement. In some places, however, a 
thin bed of limestone or shale is overlain by so great a thickness of 
other strata that mining is cheaper than stripping and quarrying. 

Mining is considerably more expensive than quarrying, but it has a 
few advantages that partly counterbalance the greater cost per ton 
of raw material. A mine can be worked steadily and economically 
in all kinds of weather, whereas an open cut, or quarry, is commonly 
more or less unworkable for about three months of the year. Mate- 
rial won by mining is, moreover, always dry and clean. 

DBEDOINO. 

The term "dredgmg" as here used includes all methods of exca- 
vating soft, wet raw materials. In the United States the only raw 
material for Portland cement manufacture extensively worked by 
dredging is marl. In a few places the clay used is obtained from 
deposits overlain by more or less water; but this is rare except where 
the marl and clay are interbedded or associated. 

A marl deposit, in addition to containing much diffused water, is 
usually covered by water to a considerable depth. Many such 
deposits require the partial draining of the basin to enable tracks to - 
be laid near enough to be of service. 

In dredging marl the excavator is in many places moxmted on a 
bai^e, which floats in water in a channel made by previous excavation. 
At a few deposits which either were originally covered by very little 
water or- which have been drained, the shovel is mounted on a car 
that runs on tracks laid along the edge of the deposit. 



CEMENT MATERIALS PBOPEB. 69 

A deposit worked by dredging lies in a bttsin or depression at a 
lower elevation than the mill, thus necessitating uphill transporta- 
tion, which may bo effected in two ways, the choice depending largely 
on the manufacturing process used. At most plants using dome or 
chamber kilns, or at plants where the marl is to be dried before it is 
sent to the kiln, the excavated material is loaded by the sbovel on 
cars and hauled to the mill by horse or steam power. At normal 
marl plants using a very wet mixture it b probably more economical 
to dump the marl from the excavator into tanks, add sufficient water 
to make it flow readily, and pump the fluid mixture to the mill in 
pipes. 

COST OF &AW 1CATEKIAI.S AT MUX. 

The most natural way, perhaps, to express the cost of the raw 
materials delivered at the mill would be to state it as being so many 
cents a ton or cubic yard, and this is the method followed by quarry- 
men or miners in general. To the cement manufacturer, however, 
such an estimate is not so suitable as one based on the cost per ton or 
barrel of finished cement. 

It may be considered that hard and comparatively dry limestones 
or shales lose 33} per cent in weight on burning, or that 600 pounds 
of dry raw material will make about 400 pounds of clinker. Allowing 
something for other losses in manufacture, it is convenient and 
sufficiently accurate to estimate that 600 pounds of dry raw material 
will give one barrel of finished cement. The raw material must be 
increased if it carries any appreciable amount of wajer. Many clays 
contain 15 per cent or more of water; and soft chalky limestones, if 
quarried during wet weather, may carry over 20 per cent. A Portland 
cement mixture composed of a pure chalky limestone and a clay 
might, therefore, averse 10 to 20 per cent of water; consequently 
about 7O0 pounds of such a mixture would be required to make one 
barrel of finished cement. 

With marls the loss on drying and burning is much greater. 
Russell states ' that according to detenninationa made by E. D. 
Campbell, 1 cubic foot of marl, as it usually occurs in the natural 
deposits, contains about 47^ pounds of lime carbonate and 48 pounds 
of water. In making cement from a mixture of marl and clay, 
therefore, it would be necessary to figure on excavating and trans- 
porting over 1,000 pounds of raw material for eveiy barrel of finished 
cement. 

Thus the cost of raw materi'als at the mill, per barrel of cement, 
will vary not only with the cost of excavation but with the kind of 
materials in use. In dealing with hard dry materials extracted from 
open quarries near the mills the cost of raw materials may range from 
S to 15 cents a barrel of cement. The lower figure is probably about 

■ Twcmlr^eooaii Ano. Rapt. U. S. OwL Surrey, pt. 3, IWO, p. eS7. 
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the lowest attainable under good management and favorable natural 
conditions; the higher figure is probably a maximum for fairly careful 
man^ement of a difficult quarry under eastern labor conditions. 
If it is necessary to mine the materials the cost will be somewhat 
increased. Cement rock has been mined at a cost equivalent to 10 
cents a barrel of cement, but only under particularly favorable con- 
ditions. The cost of mining and transportation may reach 20 cents 
a barrel. 

With regard to wet marls and clays; it is difficult to give even mi 
approximate estimate. It seems probable, however, when the dead 
weight handled is allowed for, that these soft materials delivered at 
the mill will cost about half as much per barrel of finished cement as 
the hard dry limestones and shales, 

FUBr.S USED IN POBTLAND CEMENT MANUFACTURE. 

THJI USES OP FUJCIi. 

In the Portland cement industry, as at present conducted, fuel is 
put to two distinct uses, and for each use the tonnage required is 
heavy when compared to the output of cement. The fuel supply of a 
cement plant is therefore but httle, if at all, inferior in importance to 
the supply of limestone and shale. 

The fuel is used for burning the materials and for power. By far 
the greater number of American plants need fuel for both purposes, 
though a few plants, mostly in the West, derive their power from 
hydroelectric installations. 

The fuel used in power plants needs no further discussion here. 
With regard to kiln fuels the case is different, and certain features of 
their selection and use may be profitably considered. 

EHiN yvKliB. 

BELATIVE IMPOHTANCE. 

The fuels that may be used in the rotary kiln of modem Portland 
cement practice are powdered coal, petroleum, and gas. The present 
relative importance of these three types of kiln fuel is brought out in 
the following table, which is based on statistics collected by the 
United States Geological Survey in 1911: 
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la further explsnatioa of the above figures, it may be said that 
petroleum is used in the kihis of all the cement plants operating in 
California and in part of those in Kansas, Missouri, Washington, and 
Texas. Natural gas was used in 1911 by about half the plants 
operating in Kansas and by one plant in Oklahoma. In 1907 a small 
output of cement was burned with producer gas, and although none 
at all was burned with it in 1911, it is possible that this fuel will 
become slightly more important in future. At present the uso of 
producer gas in the kiln is justified only where good coal is dear and 
poor coal or lignite is cheap ; or, more exceptionally, where the product 
would be injured by coal ash, as where a white Portland cement ia 
manufactured. 

COAL. 

CaARACTBB. 

The coal used as fuel in the rotary kiln ia bituminous coal, prefer- 
ably high in volatile matter and low in fixed carbon, ash, and sulphur. 

The following analyses, pubUsbed by Ruasell, are fairly representa- 
tive of West Virgiiua and Pennsylvania cosls used as kiln fuel at 
different Portland cement plants: 

Analgiet o/ cemtnt-biln eoali. 
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The kiln coal as bought from the mines is commonly slack, but is 
occasionally "run of mine." Run-of-mine coal must be crushed, often 
throu^ rolls, before proceeding further, but slack can go directly to 
the drier in preparation for its fine reduction. 

PKBPARATION OP COAL TOR KILN. 

Coal as bought may carry as high as 15 per cent of water in winter 
or in wet seasons. Usually it will run from 3 to 8 per cent. To obtain 
good results from the crushing machinery this water must be driven 
off. For coal diying, as for the drying of raw materials, the rotaiy 
drier seems best adapted to American conditions. It should be said, 
however, that in drying coal it is usually considered inadvisable to 
allow the products of combustion to pass through the cylinder in 
which tiie coal is being dried. This restriction serves to decrease 
slightly the possible economy of the drier, but an evaporation of 6 
to 8 pounds of water per pound of fuel coal can still be counted on 
with any good drier. The fuel cost of drying coal containing 8 per 
cent of moisture, allowing S2 per ton for the coal used as fuel, will 
therefore be about 3 to 4 cents per ton of dried product. - , ^ il,- 
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Though appftrently brittle enough when in lai^e lumps, coal is 
difficult to pulverize finely. For cement^kiln use the fineness of 
reduction is extremely variable. The finer the coal the better the 
results obtained from it in the kiln, and the poorer the quahty of 
the coal the finer it must be pulverized. The fineness attained in 
practice may therefore vary from 85 to 95 per cent or even more 
through a lOO-mesh sieve- At one plant a very poor but clieap coal, 
pulverized to pass 98 per cent tlirougli a lOO-mesh sieve, gives very 
good results in the kiln. 

Coal is usually pulverized by two operations, being first crushed to 
20 to 30 mesh in a Williams mill or ball mill and finally reduced in a 
tube mill. At many plants, however, the entire reduction takes place 
in one stage, Griffin, Raymond, or Huntington mills being used. 
- The total coat of crusliing (if necessary), drying, and pulverizing 
coal, and of conveying and feeding tlie product to the kiln, together 
with fair allowances for replacements and repairs and for interest on 
the plant, will probably rai^e from about 20 to 30 cents per ton of 
dried coal, equivalent to 1 to 2 cents per barrel of cement, ITiis may 
seem a heavy addition to tlie cost of cement majiufacture, but it 
must be borne in mind tliat complete drying and fine pulverizing 
enable the manufacturer to use mucJi poorer and therefore cheaper 
grades of kiln coal than he otherwise could. 

FLUXES. 

At different times and at different American plants fluxing mate- 
rials of one sort or another have been added to the raw mixture in 
order to promote combination of the silica and lime in the kiln. 
Among the materials used for this purpose are iron oxide, fluorspar, 
cryolite, and several alkaline compounds. 

Under normal conditions and when the plant has ordinarily good 
raw materials at its disposal it may be taken for granted that the 
use of fluxing materials causre more trouble than it is worth. The 
burning temperature can be appreciably lowered by this means, it 
is true, but rarely in a regular and steady way. 

However, when the plant is compelled to run on poor raw mate- 
rials — a cherty limestone, a high-silica and low-alumina clay, or the 
like — then the use of some fluxing material may be not only justifi- 
able but absolutely necessary. 

BETARDERS. 

The Portland cement produced in the modem rotary-kiln process 
is invariably so quick-setting naturally as to require the addition 
of some rotarder in order to make it satisfactory for general struc- 
tural use. The retarder almost universally used at present is sulphate 
of lime. This substance, when added to cement in quantities up to 
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24 or 3 per cent, retards the rate of set of the cement almost propor- 
tiooately to the amount used and up to the limit mentioned appears 
to exert no appreciable injurious influence on the strength of the 
cament. When more than 3 per cent is added to the cement, how- 
ever, the retarding influence of the lime sulphate becomes much less 
mailed, and a decided weakening of the cement is noticeable. Most 
cement specifications, therefore, contain limitations on the amount 
of sulphur trioxide to be contained by the cement, and this amounts 
to a restriction on the amount of lime sulphate that can be added. 

Sulphate of lime may be added in either of two forms — as crude 
gypeum or as burned plaster. Crude gypsum is a natural hydrous 
sulphate of lime, containing approximately 80 per cent of lime sul- 
phate and 20 per cent of water. If this gypsum he calcined at a 
relatively low temperature, most of its combined water will be driven 
off. The resulting burned plaster carries about 93 per cent of lime 
sulphate and only 7 per cent of combined water, 

L» Portland cement manufacture either gypsum or burned plaster 
may theoretically be used to retard the set of the cement, but 
gypsum is almost universally employed in the United States. This 
is merely a question of coat. It is true that to secure the same 
amount of retardation it is necessary to add a little more gypsum 
than binned plaster, but gypsum is much cheaper than burned 
plaster. It is of course obvious that if cheap supplies of sulphuric 
acid Were available, the acid could be added in solution as a spray 
on the cement clinker. Lesley experimented with the process some 
years ago, and apparently the only obstacle to its introduction was the 
high cost of acid. At some localities, however, sulphuric acid would 
seem to-day to be available in competition with gypsum. 

The addition of the gypsum to the clinker is usually made before 
it has passed into the ball mill, pulverizer, or whatever miU is in 
use for preliminary grinding. Adding it at this point insures much 
more thorou^ mixing and pulverizing than if the mixture were 
made later in the process. At some of the few plants which use 
plaster instead of gypsum the finely ground plaster is not added 
until the clinker has received its final grinding and is ready for storage 
or packing. 

VALUATION OF DEPOSITS OF CEMENT MATERU.LS. 



Very erroneous ideas appear to be current concerning the value of 
deposits of cement materials. It should be clearly imderstood that 
in most parts of the United States excellent cement materials are 
common, and that the commercial value of undeveloped deposits of 
such materials is necessarily sli^t. In most of the Eastern, Southern, 
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and Middle Western States there is do difficulty whatever in securing 
lands containing limestones suitable for cement manufacture at prices 
ranging from S5 to t50 per acre, and only exceptional circumstances 
would allow any cement d^osit to be valued at more than the latter 
price. As indicated below, the value of the deposit depends less 
upon the character of the materials than upon other factors, promi- 
nent among which are the general scarcity of limestone and the 
demand for good limestone in each particular area. 

As an illustration of the effect of these factors in influencing the 
value of a limestone deposit, the Bangor limestone of Alabama may 
be considered. In northern Alabama as well as in adjoining poT- 
tioDS of Temiessee and Georgia the Bangor limestone of the Missis- 
sippian series (lower Carboniferous) shows great thickness and 
purity; at many places it is 300 to 600 feet thick, and it is mostly 
very low in magnesia and otherwise entirely acceptable as a cement 
material. Generally, too, excellent cement shales (of Clinton age) 
occur near the limestone, and in many places workable coal beds are 
found in its vicinity. 

Yet with all these conditions in its favor it is probably safe to say 
that in northern Alabama thousands of acres underlain by this 
Bangor limestone could be purchased at $10 to S20 an acre, and 
even at the lower price named such a purchase would prove an 
exceedingly bad investment for a cement manufacturer. Two of 
the prime requisites for a high limestone valuation are here lacking — 
there is no market and therefore no particular reason to build a cement 
plant in this particular area, and even if a cement market should 
some tune develop there, the available acreage of limestone is so 
great that no dement of monopoly value can be figured into its 
valuation. 

The effect of these two elements — demand and scarcity — can be 
brought out well by supposing a 100-acre tract of this northern 
Alabama limestone land to be transplanted to some spot where non- 
magnesian limestone is in demand and where it is scarce. Buffalo, 
Chicago, and New York City are three striking instances of important 
points where suitable local limestones are obtainable either with 
difficulty or not at all. The 100-acre tract of Bangor limestone 
moved to Buffalo would be cheap to-day at 110,000 an acre; if 
within striking distance of the New York market its value mi^t 
easily be many times that. 

These extreme instances of low and high valuation have been 
cited merely to impress the fact that ordinarily a deposit of cement 
material is valued not according to the properties of the material 
itself, but according to the demand for such material in the immediate 
vicinity and the local scarcity of similar deposits. 
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The determination of the possible value for Portland cement 
manufacture of a deposit of raw material is a complex problem, 
depending on a number of distinct factors, the more important of 
which are (1) chemical composition, (2) physical character, (3) 
amount available, (4) location with respect to transportation routes, 
(5) location with respect to fuel supplies, (6) location with respect to 
m&ricets. Ignorance of the respective importance of these factors 
fimjuentlj leads to an overestimate of the value of a deptosit of raw 
material. 

OHEXICAL COKPOSITIOIT OF KATEBIAL. 

The raw material must be of correct chemical composition for use 
as a cement material. This implies that the material, if a limestone, 
must contain as small a percentage as possible of magnesium carbon- 
ate. Under present conditions 3 to 4 per cent is the maximum 
permissible. Free silica, in the form of chert, flint, or sand must be 
absent or present only in small quantity, say, 1 per cent or less. If 
the limestone is a clayey limestone or "cement rock," the proportion 
between the silica and its alumina and iron should fall within the 

SiOa -s^y. SiO, ^, 5 
Al A+Pe»f>. Al A+Pe^. 

A day or shale should satisfy the above equation, and should be free 
fitim sand, gravel, etc. 

The nearer a limestone approaches in composition the nuxture 
used in Portland cement manufacture the greater its value for that 
purpose, for it will require the addition of less extraneous material to 
make the mixture absolutely correct in composition. The following 
are analyses of Portland cement mixtures ready for burning, as used at 
various targe cement plants in the United States: 



Anals»e» of Foriland eemeiU mixtwrt*. 
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The usual mixtures carry from 75 to 77 per cent of lime carbonate. 
If this be borne in mind, it is obvious that there is a great advantage in 
UMng, as one of the raw materials, a limestone of about this degree ol 
purity. If rock of this composition occurs in sufficient quantity, it 
Would require but little admixture of other materials to keep the 
cement correct in composition. 
48834°— Bull. 522—13 5 
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FEYSICAL OHASACTXB. 07 HATEKIAL. 

EcoDomy in excavating and cruahing requires that the raw 
rials should be as soft and as dry as possible. On this account • 
limestones, very wet chalky limestones, and wet sticky cla; 
disadvantageous raw materials. 

AMOUNT OF UATXSIAX, AVAII.ABLE. 

Each barrel of cement made will require the use of approxi4 
4£0 pounds of limeetone and ISO poimds of clay or shale. M 
making 1,000 barrels per day will therefore use, in the course ' 
ordinary year, about 66,000 tons of limestone and 22,000 t f^^ »" 
clay or shale. Assuming average density for these materials, a ir* ' , -, 
barret plant will use up almost 1 ,000,000 cubic feet of limestone i 
together with 250,000 cubic feet of shale. 

As the investment in plant is heavy, it would be folly to la ' /^; 
cement plant, under ordinary circumstances, with less th X"^ 
yeare' supply of raw materials in sight. A thousand-barrel v?---—' 

therefore, should have 20,000,000 cubic feet of limestone and 5,01 , "" 

cubic feet of clay or shale on its properties. 

LOCATION OF FLANT. 

LOCATION WITH RESPECT TO TEANSPOSTATIGK fiOUTES. \ 

Portland cement is bulky for its value, and the cement busi) 
therefore ntucb affected by transportation rates. To locate a pi 
only one railroad, unless the railroad officials are financially com 
wiU) the cement plant, is simply to invite disaster. At least two 
portation routes should be available, and it is best of aU if < 
these be a good water route. 

LOCATIOK WITH BB8PECT TO FUEL SUPPLIES. 

Every barrel (3S0 pounds) of Portland cement marketed il 
that at least 200 to 300 pounds of coal have been used in the ] 
plant and the kilns. In other words, each kiln in the plant will, ' 
ita corresponding crushing machinery, use up from 6,000 to 
tons of coal a year. The item of fuel cost is therefore highly impta \^ ^ 
for in the average plant about 30 to 40 per c«nt of the total ctf -^ 
the cement will be chargeable to coal. — — ?! 

--'?? 
LOCATION WITH RESPECT TO MARKETS. ^***^ 

fATEf 
In order to achieve an established position in the trade, a 

cement plant should preferably have a local market area, w^ 

which it may sell practically on a noncompetitive basis, and ) 

access to a larger though competitive market area. 



izecy Google 




,0, Google 



,1.0, Google 



PART III. PORTLAN D CE MENT RESOURCES OF THE 
UNITED STATES. 

INTRODrCTlON. 

In the following pages the States are taken up in alphabetic ordw, 
uid the well-known aviulable Portland cement materials of each are 
described, whether these materials are now utilized or not. If Port- 
land cement plants are now in operation in any given State, brief 
summaries of the raw materials they use, the processes they foUowi 
and other details of technical or historical interest connected with their 
work are usually given. Most of these descriptions were originally 
based * on the results of the writer's field work done during 1903 and 
1904 for the United States Geological Survey, in the course of which 
most of the cement plants then operating in the United States were 
visited. In the present bulletin the descriptive matter relative to 
plants has been brought up to date as fully as seems advisable, it 
being borne in mind that the chief concern of this bulletin is with raw 
materials and not with manufacturing methods or trade conditions. 
In this revision essential contributions by E. F. Burchard have been 
incorporated, in addition to the sections directly credited to him. 
As shown in Plate I, Portland cement plants are now io operation in 
24 States. 

The following table gives the main facts regarding the occurrence 
of the more important cement materials in the various States. 

In this table four symbols are used to denote degrees of abundance 
or rarity. A indicates the occurrence of laige and widely distributed 
deposits; B indicates the occurrence either of a few large deposits or 
of a number of small ones; C indicates the occurrence of a few small 
deposits only; indicates that the material is either absolutely want- 
ing or is so scarce as not to be of commercial importance. 

In regard to the fuel supphes noted in the table, a word of caution 
is necessary. The term ' 'coal" is here limited to such coals as can be 
used in cement manufacture with reasonable economy. Peat, lig- 
nite, and many western "coals" are therefore omitted. 

The cement resources of the various States can not be described in 
uniform detail. In some States the limestones have been accurately 
mapped throughout their extent and numerous analyses are available. 
In such States more detailed discussion of the cement resources is pos- 
sible than in those in which geologic mapping is less advanced. For 
some of the States the descriptions are unsatisfactory, but it would 
have been impossible adequately to repair these defects of omission 
in any reasonable length of time. 
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PORTLAND CEMENT MATERIALS OF UNITED STATES. 
Occurrence of the more mportaiU ranent mtiUriaU, 6y SlaUt. 
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It will be noted that the descriptions of the cement resources of 
certain States have been prepared by other geologista, in which case 
they are signed by the individual authors. Full credit has been 
given in notes for contributions of less extent and for quotations from 
reports already pubhshed. Brief bibliographies are attached under 
each State, where the publications seemed important enough to 
justify. Many references are made, in footnotes, to reports of State 
surveys or of the United States Geological Survey. Such reports, 
if not out of print, may usually be obtained, either free or at a nominal 
price, on application to the ofBciab at the heads of the respective 
surveys. 

Maps showing the distribution of cement materials have been 
mserted wherever the data justified their presentation. 

POBTLAND CEMENT BESOURCE8 OF AIiABAMA. 

POATLANS OKHBHT KATEBIALS. 
By EuoENB A. Smith. 

Several extensive series of limestones capable of furnishing excellent 
raw material for the manufacture of Portland cement occur in Ala- 
bama, and shales and clays to complete the mixture are found in every 
county in the State. Owing to the marked geologic distinction 
between northern Alabama and central and southern Alabama, the 
two portions of the State will be discussed separately. 

logic 
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NortheTn AUbuns. 

The raw materials for the manufacture -of Portland cement occur- 
ring in the Paleozoic fonnations of northern Alabama are limestones, 
shales, and clays. The hmeetones beloi^ mainly to the Mississip- 
pian ("Lower Carboniferous") seriea and to the Chickamauga lime- 
stone, the shales to the Pennsylranian series ("Coal Measures"), and 
the clays to the Cambrian, Miasissippian, and PennsylTanian. 

OENEBAL OEOLOOT. 

In northern Alabama the combined effects of geologic structure and 
erosion have produced certain definite topographic types with which 
the geologic outcrops are closely connected. (See PL II.) 

Structurally nor^em Alabama is made up of a series of parallel 
synclinee and anticlines, most of which trend a httle north of east. 
The anticlines are sharp narrow folds; the synclines are flat wide 
basins. Erosion has cut away the synclines, and the streams of the 
region now run along anticlinal valleys bordered by flat-topped syn- 
clinal plateaus. 

The plateaus throughout most of northern Alabama are capped by 
conglomerates, shales, and sandstones of the "Coal Measures." The 
Missisaippian limestones commonly crop out along the sides and at the 
immediate base of the plateaus. The Ordovician ("Lower Silurian") 
beds occur as long narrow outcrops in the valleys. The middle por- 
tions of most of the valleys are occupied by Cambrian shales and the 
Ejioz dolomite. The Chickamauga limestone would normally out- 
crop as two parallel bands in each valley — between the middle of the 
valley and the foothills of the plateaus — but faulting has been so com- 
mon that in most valleys only one band is present, the other being 
faulted out. 

LIHESTONEB. 
OKIOKAlUiraA. UHXBTOHI. 

The Chickamauga limestone outcrops in Alabama in three principal 
areas. In the Tennessee River valley some of the smaller streams 
that flow into the river from the north, like Flint River, Limestone 
Creek, Elk River, Bluewater Creek, and Shoal Creek, have eroded 
their valleys into the limestone. These areas are crossed at only a 
few points by the railroads leading out from Huntsville and Florence, 
and no commercial use has as yet been made of the rock. 

In Roups, Jones, Murphrees, Cahaba, Big Wills, and Coosa valleys 
erosion has in places sunk the valley floors into Cambrian strata, and 
m consequence the Chickamauga limestone occupies a narrow belt on 
each side, near the base of the Red Mountain ridges. But as a fault 
occurs on one or the other side of most of these valleys, the Red Moun- 
tain ridges and the accompanying Chickamauga limestone are more 
fully represented on the unfaulted side — the east side in all except 
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Murphrees Valley. The CMckamauga fonns practically a continuous 
belt along the undisturbed side and in placea outcrops in extensive 
areas on the faulted side also, as for instance at Vance, on the Ala- 
bama Great Southern Railroad, where the rock is quarried for flux for 
the furnace of the Central Iron Co. at Tuscaloosa. Analysis 1 ( p. 75) 
shows its composition. Other analyses from lower ledges in the 
quarry show only 1.22 per cent of silica, but more magnesia. 

Where erosion has not gone so deep as to reach the Cambrian, the 
Chickamauga extends entirely across the trough, as in the lower part 
of Brown Valley from Brooksville to beyond Quntersville. Above 
Quntersville the Chickamauga is seen mainly on the east side of the 
valley. The river touches these outcrops at many points, and at 
Ountersville the railroad connecting that city with Attalla affords 
additional means of transportation. No developments have yet been 
made in this area. 

In the valley separating the Warrior from the Cahaba coal field, 
known as Roups Valley in the south and as Jones Valley in the north, 
the Chickamauga limestone occupies a narrow, continuous belt, mostly 
near the base of the eastern Red Mountain ridge, though in places it 
is high up on the ridge and even at its summit, as at Gate City, where 
the quarries of the Sloss Iron Co. are located. Many analyses of the 
rock from this quarry have been made. (See Nos, 2, 3, 4, 5, 6, p. 75.) 

In Murphrees Valley tke continuous belt of Chickamauga lime- 
stone, as above explained, is on the west side, and the faulted rem- 
nants are on the east side. No quarries have been opened. The 
Louisville & Nashville Railroad goes up the valley as far as Oneonta. 

In Cahaba Valley, which separates the Cahaba coal field from the 
Coosa coal field, the Chickamauga is well exposed on the east side 
for the entire length of the valley froni Gadsden down. It expands 
into wide areas near the south end, where it has been quarried for 
lime burning at Felham, Siluria, Longview, Oalera, and other places 
on the line of the Louisville & Nashville Railroad. (Sec analyses 7, 
8, and 9, p. 75.) The Central of Georgia and the Southern railways 
cross this belt about midway of its length at Leeds, in Jefferson 
County, and the Louisville & Nashville Railroad crosses it at its 
northern end, where a quarry at Rock Springs, on the flank of Colvin 
Mountain, supplies rock for lime burning, (See analysis 10, p. 75.) 
At Pratts Ferry, on Cahaba River, a few miles above Centerviile, in 
Bibb County, the Chickamauga limestone makes high bluffs along 
the river for several miles and is most conveniently placed for easy 
quarrying. Marble works established here in former days should bo 
again put in operation, since the marble is of fine quality and is beau- 
tifully variegated. No analyses are available, but there is no doubt 
that much of the rock is sufficiently low in magnesia for cement mak- 
ing. Cahaba River and a short spur from the Mobile & Ohio Railroad 
afford transportation. / - i 
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In Big Wills Valley, which separates Sand and Lookout mouutains, 
the Chickamauga limestone occupies perhaps 25 square miles, but it is 
croeaed only by the railroad connecting Gadsden with GuntersyiUe. 
No analyses are arailable. 

In the Cooea Valley r^on the Chiekamauga outcrops are found 
mostly on the western border, near the base of Lookout Mountain, 
as in Broomtown Valley and in other valleys extending south toward 
Gadsden. Although these belts have been utilized in the past for the 
old GaylesTille, Cornwall, and Round Mountain furnaces, and pos- 
sibly for some furnaces now in blast, no analyses are available. Far- 
ther south, along the western border of the Coosa Valley, running 
parallel with the Coosa coal field in Calhoun, St. Clair, and Shelby 
counties, there are numerous long, narrow outcrops of Chiekamauga 
limestone. The Calcis quarry of the Tennessee Coal, Iron & Kailroad 
Co., on the Central of Georgia Railway, near St«rrett, is on one of 
these outcrops and furnishes limestone with a very low and uniform 
percent^e of silica and magnesia. Analyses 11, 12, 13, 14, 15, and 
16 (p. 75) exhibit the quality of the rock as received at the Ensley 
Steel Works, but care is taken at the quarry to select ledges low in 
silica and magnesia, and the analyses therefore represent only the 
adected ledges and not the run of the quarry. Near Talladega 
Springs, Marble Valley, and Shelby are other oc«urrencee of the rock , and 
aquarry afew miles east of Shelby furnace has for many years supplied 
that furnace with its flux. (See analyses 17, 18, 19, and 20, p. 75.) 

mBBIBBIPPIAa <"LOWXX 0AXB0VIFXK01IB") UUSTOKIS. 

limestones suitable for cement manufacture occur in the Bangor 
Umestone of the Misaissippian ("Lower Carboniferous") series. Pei^ 
haps the most accesnible occurrences of this rock are in the Tennessee 
Vajley, west of Tuscumbia and south of tJie river and railroad, where 
the former quarries of Fossick & Co. were located. The outcrop 
extends eastward along the base of little Mountain as far as Whites- 
buig, above which place to Guntersville the river flows through a 
valley floored with ^Nlississippian limestone. The Southern Railway 
passes over outcrops of this rock in most of the mountain coves east 
of Huntsville, and from Scottsboro to the Tennessee line the country 
rock is almost entirely of this formation. The Louisville & Nashville 
Railroad south of Decatur nearly to Wilhite is mostly in the same 
formation. These two lines together with Tennessee River would 
provide ample transportation for the rock or for the finished product. 
For an analysis of the rock from the Fossick quarries see p^e 75. 

In Brown Valley, south of Brooksville, t^e Bangor limestone is the 
prevaiUng rock, and at Bangor and Blount Springs, on the Louisville 
& Nashville Railroad, extensive quarries have been worked for many 
years for flux for the furnaces of the Birmingham district. (See 
analyses Nob. 2, 3, 4, 5, 6, 7, 8, and 9, p. 76.) p i ^ 
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From Brooksrille to the Tennessee line a great thickness oi this 
limestone is exposed along the western escarpment and below the top 
of Sand Mountain, which is capped by sandatonee of the "(k>al 
Measures." The river runs near the foot of the mountain and would 
afford transportation. 

In Bimilar manner the Bsngor limestone outcrops along the western 
flank of Lookout Mountain in Little Wills Valley, from near Attalla 
to the Geoi^a line. South of Attalla it forms the lower part of the 
escarpments of Blount and Chandler mountains. The Alabama Great 
Southern Kailroad passes very near the outcrop from the Georgia 
line down to Springville, Ala. South uf Springvitle large outcrops 
occur in Shades Valley, and at Trussville are quarries which have sup- 
plied the Birmingham furnaces. (Seeanalyses 1 to 1 7, inclusive, p. 75.) 

In Murphrees Valley the main outcrop of this rock ia on the western 
aide, where quarries at Compton have for many years been worked to 
supply the Birmingham furnaces. (See analyaes 18, 19, and 20, 
p. 75.) Kock from these quarries varies somewhat, but by proper 
selection suitable material can easily be obtained. 

In the valleys lying east of Shades V&lley and in parts of Shades 
Valley itself tha formation becomes prevailingly sh&les and sand- 
stones, limestones being few and inferior. 



The Cambrian limestones contain generally a laige proportion of 
magnesia and for this reason are not suited for Portland cement 
manufacture, though admirably adapted for furnace stone. 

Along the eastern border of the Coosa Valley, near its contact with 
the metamorphic rock, there is a belt of Umestone which in places is 
metamorphosed to a white cryBtalline marble of great purity, which 
has been quarried at several places for omainental stone. (See 
analyses ] to 7, inclusive, p. 75.) The Jjouisville & Nashville Rail- 
road from Calera to Talladega passes close to this belt. 

CLAT8 AND SHALES. 

The most important clays in the Paleozoic region occur in Penn- 
aylvanian ("Coal Measures"), Mississippian, Ordoviciaa, and Cam- 
brian formations. But as a later formation — the Tuscaloosa of the 
Cretaceous — borders the Paleozoic on the west and south, and as 
it contains great variety as well as abundance of clays, it will be 
described here, although it is not Paleozoic. 

OROOVlOUir ("LOWXB BtLUmiAJT-) AMD OAMBBUV b»^t-** 



Associated with the cherty limestones and brown iron ores of the 
Ordovician and Cambrian formations are beds of fine white clay, much 
of it china clay. A white clay in the brown ore bank at Kock Run, in 
Cherokee County (see analysis 7, p. 76), is about 30 feet in thickness. 
Other clays seem adapted to cement making. (See analyses 8, 9, 10, 
11, and 12, p. 76.) No great number of the days have been analyzed, 



but they are known to be widely distributed in Calhoun, Talladega, 
JefferaoB, Tuscaloosa, and other counties in connection with the 
browQ-ore deposits. 

Hawnsippuv clowzb oabbohifiboiib") shales. 

Associated with the cherty limestones of the lowermost division of 
the Carboniferous in some of the anticlinal valleys are beds of clay 
of flxcelleat quality, much of it china clay. 

Probably the best exposures of these clays are in Little Wills Val- 
ley, between Fort Payne and the Geoi^a border, and on the line of 
the Alabama Great Southern Railroad, where for many years quarries 
have supplied tile works and potteries. The clays lie near the base 
of the formation, close above the black shale of the Devonian, and 
average about 40 feet in Uiickness, though in places they reach 200 
feet. The day beds are 12 to 18 inches thick and cont^ seams of 
chert 2 to 8 inches thick. The upper half of the clay ia more gritty, 
than the lower half, much of which contains material suitable for 
making the finer grades of porcelain. (See analyses 3-6, p. 76J 

PXn8YI.TABIUr ("OOAI. MXASTTKEB") aHIH.KB, 

Many beds of shale in the Pennaytvanian have been utilized for 
making vitrified brick and fire brick, and some of them may be used 
for making cement. A great body of these shales occurs in connection 
with the coal seams of the Horse Creek or Mary Lee coal group, in 
Jefferson and Walker counties. They are conveniently situated with 
reference to limestone and coal and also to transportation lines, and 
are therefore well worth the attention of those who contemplate 
building cement plants. 

On the property of W, H. Graves, near North Birminghajn, ovei^ 
lying the coal seam mined by him, are two beds of shale — one yellow- 
ish, the other gray. (See analyses 1 and 2, p. 76. ) 

Similar shales are used also at Coaldale, in Jefferson County, and at 
Pearce's mill, in Marion. Physical t^ts but no analyses have been 
made. 

Most of the coal seams mined in Alabama rest upon clay beds which 
have not yet been specially examined as to their fitness for cement 
making, but which, in view of the proximity of the coal mines to the 
limestones, might be worth investigation. 

OBXTAOIOm OLATS. 

The most im[>ortaQt clays of Alabama are found in the lowermost 
division of the Upper Cretaceous, in the Tuscaloosa formation, which 
is, in part at least, equivalent to the Karitan formation of New Jersey. 
The prevailing strata of the Tuscaloosa are yellowish and grayish 
aands, but subordinated to them are great lenses of massive clay, 
varying in quality from clay that bums almost pure white to da^ 
purple and mottled clays that contain much iron. ,~. , 
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The Tuscaloosa occupies a Belt extending from the northwest comer 
of the State around the edges of the P&leozoio fonnations to the 
Georgia line at Columbus. This belt is widest at the western bound- 
ary of the State, where it is 30 to 40 miles wide. Its width at 
Wetumka and thence eastward to the Georgia line is only a few miles. 
The widest and most important part of this belt, in Elmore, Bibb, 
Tuscaloosa, Pickens, Fayette, Marion, Lamar, Franklin, and Colbert 
counties, is traversed by the Mobile £ Ohio, the Alabama Great 
Southern, the LouisviUe & Nashville, the Southern, and the Kansas 
City, Memphis & Binningham railroads, as well as by Warrior and 
Tombigbee rivers. 

These clays have been described in some detail and certain analyses 
which appear to indicate the fitness of the clays for cement making 
are here republished.' (See analyses, p. 76.) 

In Elmore County, in the vicinity of Coosada, along the banks of 
Coosa River, about Robinson Springs, Edgewood, and Chalk Bluff, 
are many deposits of these clays, some of which have been used in 
potteries for many years. (See analyses 13, 14, and 15, p. 76.) 

In Bibb County clay for fire brick has been quarried very exten- 
sively at Bibbville and near Woodstock (see analyses 16 and 17, 
p. 76) and carried to Bessemer by the Alabama Great Southern 
Railroad. The beds are very thick and extensive. The Mobile & 
Ohio Railroad crosses other extenaive deposits in the southern part 
of the county. 

The most important of the clay beds in Tuscaloosa County are 
traversed by the Mobile & Ohio and the Alabama Great Southern 
Railroads. Many large beds are exposed along the Mobile & Ohio 
road in Pickens County, but very few have been investigated. (See 
analysis 22, p. 76.) In Lamar and Fayette counties the same con- 
ditions prevail as in Pickens and Tuscaloosa. (See analyses 23, 24, 
25, 26, p. 76.) 

Marion is one of the leading counties of the State for fine clays, but 
it is touched by railroads only along its southern border and its 
extreme northeastern comer. Although at present not available 
because inaccessible, the clays from Bexar, from the great clay 
deposit which gives the name to Chalk Bluff and which underlies 
about two townships, and from about 16 miles southwest of Hamilton, 
the county seat, are worthy of consideration. (See analyses 27, 28, 
and 29, p. 76.) 

Colbert County has numerous fine clays. (See analyses 31 and 
32, p. 76.) 

ANALYSES. 

The following tables give analyses of limestones and clays from 
northern Alabama: 
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Central and Southern Alsbsmk. 

RAW UATERIAI^. 

The raw materials in central and southern Alabama suitable for 
tnf^ing Portlfuid cement are argillaceous Umestouos, pure Umestones, 
and clays. 

The limestones valuable as cement materials occur mainly in the 
Selma chalk or "Rotten limestone" of the Upper Cretaceous and in 
the St. Stephens limestone of the Tertiary. The clays available are 
the residu^ clays from the decomposition of these two limestone 
fomiations, the stratified clays of the "Grand Gulf formation," and 
the alluvial clays in the river and creek bottoms. Later investigar 
tion may show that some of the other stratified clays of the Cretaceous 
and Tertiary formations, especially the clays of the lowermost Upper 
Cretaceous (Tuscaloosa formation), are suitable for cement making. 

The Upper Cretaceous in Alabama has four divisions— the Tusca- 
loosa formation, the Eutaw formation, the Sehna chalk, and the 
Ripley formation, named in ascending order. The Tuscaloosa is of 
fresh-water origin and is made up in the main of sands and clays in 
many alternations. In places the clays occur in deposits of sufficient 
size and purity to make them commercially valuable. The Eutaw is 
of marine origin and is composed of more or less c^careous sands and 
days, but nowhere shows beds of limestone properly so called. The 
Selma chalk is of marine origin and is composed, in part at least, of 
the microscopic shells of Foraminifera. The Ripley, like the Selma, 
is a marine formation and is generally predominantly calcareous 
but contains some sandy and clayey beds. The Selma chalk alone 
oSera limestone in such quantity and of such composition as to be 
fit for Portland cement material. 

LIMESTONES. 

KMLMA OKAI.X ("KOTTUr USBBTOBB"). 

LITHOLOOY. 

The Sehna chalk is calcareous throughout its entire thickness of 
about 1,000 feet. The rock, however, varies in composition between 
somewhat wide limits; for this reason three divisions may readily be 
distinguished. The upper division is highly argillaceous, holding 25 
per cent or more of clayey matter; portions of it are composed of 
calcareous clays or marls rather than limestone, containing great 
numbers of fossils, mainly oysters. Along Torabigbee River these 
bpds make the hlufFs from Paces Jjanding down nearly to Moscow, and 
on the Alabama they form the banks of the river from Elm Bluff 
down to Old Ijexington Ijanding. The strata exhibited in these 
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bluffs consist of dark-colored fossUiferous calcareous clays, alternat- 
ing with lighter-colored and somewhat more indurated ledges of 
purer, lesa argillaceous rock. At Elm Bluff the upper half of the 
bluff, which is about 125 feet high, is of this character. 

The lower half of the bluff at Elm Bluff is composed of rock more 
uniform in composition and freer from clay than the upper part, 
contuning generally less than 25 per cent of clayey material. It 
forms the top of the middle division of the Selma chalk. In this 
middle division the fossils are rarer than in either of the others, 
oysters and anomias being the most common. This vuiety of the 
rock forms the bluffs along Alabama River from Elm Bluff up to 
Kings Landing. It is seen in its most typical exposure at White 
Bluff, where it is at least 200 feet in thickness, rising almost perpendicu- 
larly on the right bank of the river. On Tombigbee River it extends 
from near Bartons Bluff past Demopolis up to Areola and Hatchs 
Bluff. Its lowermost beds, a compact limestone of great purity, form 
the upper parts of Bartons and Hatchs bluffs. On Little Tombigbee 
River the same rock makes the celebrated bhiffs at Bluffport and at 
Jones Bluff (Epes) and appears along the stream for several miles 
beyond. 

The width of outcrop shows that the middle division of the Selma 
chalk must be about 300 feet thick. It underlies the most fertile and 
typical priurie lands of the South. At intervals throughout this 
r^oQ the limestone rock appears at the surface in what are known 
as "bald prairies," so named from the fact that they are bare of trees. 
The disintegration and leaching out of the limeatone leaves a residue 
of yellowish clay, aeveral feet thick in low places, which is used at the 
DemopoUs plant in the manufacture of cement. In most lof;alities 
where suitable limestone is found the clay is present in sufficient 
quantity to supply the needs of the cement manufacturer. 

At the base of this middle division a bed consisting of several ledges 
of compact, hard, pure limestone, which weathers into curious shapes, 
has received the names horse-bone rock and bored rock. This bed 
appears at the top of Hatchs Bluff, at Areola Bluff, between Demop- 
olis and Epes, at Jordans Ferry, and at other places. Its outcrop 
makes a ridge easily followed and characterized by the presence on 
the surface of loose fragments of the limestone. 

The lowest division of the Selma chalk, like the uppermost, is com- 
posed of clayey limestone or in many places of a calcareous clay. 
The color is dark gray to bluish, and most exposures show striping, 
due to alternating bands of lighter-colored purer limestone. Along 
Alabama River the strata of this division are seen in the bluffs from 
Kings Landing up to Selma and beyond. On Warrior River they 
are seen in the bluffs at Areola, Hatchs, ^0llwood, and Erie, in the 
last-named locality occupying the upper part only of the bluff. On 

^ Google 



ALABAMA. 78 

the Tombigbee tbey form most of the bhiffa at Gainesville, Roes, and 
Kirkpatricks. 

Above Roes, at Jordans, occurs the junction with the middle and 
lower diTisions. About 10 or 15 feet below the hard ledgee of pure 
limestone forming the base of the middle division the dark-colored 
argillaceous rock tends to flake off and weather into cavee, some of 
them several feet deep and 20 feet or more long. These holes extend 
in siome places for great distances along the bluffs, as on Alabama 
Bixa just above Kings Ijanding, on the Tombigbee below Roes Bluff, 
and at Jordans Ferry. 

The outcrop of the alliaceous rocks of the third division gives rise 
to black prairie soils, in which beds of fossil shells, mainly oysters, are 
common. 

It has been suggeeted that the argillaceous rocks of the first and third 
divisioDS could be mixed with the purer limestone at the middle diri- 
aion in such proportions as to constitute a good cement material and 
to do away with the need of adding other clay to the limestone. It 
would be easy to select locaUties near the junction of the two divisions 
where both varieties of the rock could be quarried, if not in the same 
pits at least in pits closely adjacent. Localities of this sort would be 
found along the borders north and south of the belt of outcrop of the 
wlute tock at Demopolis. 

DisTRiBunoH or THE selha chalk. 

As suitable material for cement manufacture can be had in practi- 
cally unlimited quantity all along the outcrop of the purer limestone 
of the middle division, the location of cement plants will be deter- 
mined rather by the facilities for transportation, the cheapness of 
fuel, and the cost and abundance of labor. Examinations of the rock 
were consequently confined to localities which appear to be most 
favorably situated in these respects, and esi>ecially to localities on 
navigable streams or north-south railroad lines, or both. In making 
collections for analysis material from the middle division was gener- 
ally chosen, as most of the limestone of the formation which contains 
'b per cent or more of carbonate of lime is to be found in this division. 
At the same time specimens of the more argillaceous material, espe- 
cially of the lower division of the formation, were collected in order 
to ascertain the practicability of providing a cement mixture by using 
proper proportions of the purer and more argillaceous materials. 

On Tombigbee River at Gainesville the limestone, 30 to 40 feet 
thick, appears on the river bluff beneath a heavy covering of sands 
and pebbles. A short distance from the river, however, the rock out- 
crops at the surface and may be quarried without difficulty. (See 
analyses 1, 2, 3, and 4, p. 86.) Other specimens are from the Rob- 
erta place, 3 miles east of Gainesville ; one was taken from the top of 
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a 30-foot bluff and others from the surface 1 mile and 5 miles from 
the river. (See analyses 5 and 6, p. 86.) 

At Jones Bluff, on the Tombigbee, near Epee station, on the Ala- 
bama Great Southern Railroad, white limestone of remarkably uni- 
form composition shows along the river bank for about a mile, 
with an averse height of perhaps 60 feet. Here the bare rock 
forms the surface, so that no overburden need be removed in quar- 
rying. The railroad crosses the river at this locality, which thus has 
the advantage of both rail and water transportation. From the 
lower end of this exposure down to Bluffport the white rock is seen 
at many places; for example, below Lees Island, at Martins Ferry, 
Braggs, and elsewhere. It generally has a capping of 15 to 20 feet of 
red loam and other loose materials. (See analyses 7, 8, and 9, p. 86.) 

At Bluffport the white rock in places forms a bluff 100 feet or more 
high aloi^ the right bank of the river for a mile or more. (See analysis 
10, p. 86.) As at Epes, the rock extends up to the surface, so that 
quarrying would be attended with little or no difficulty. Bdow the 
Bluffport bluffs the easteriy course of the river brings it into the ter- 
ritory of the lower strata of the formation, and the white rock does 
not appear again below Jordans Ferry, except in thin patches at the 
tops of some of the bluffs. (See analyses 11, 12, 13, and 14, p. 86.) 
Specimens from Roes Bluff represent the prevailing dark-colored 
argillaceous rock and the lighter-colored ledges. 

At Demopolis the white rock extends along the left bank from 
1 mile above the landing to about 2 miles below, with an average 
height of perhaps 40 or 50 feet. The rock is remarkably uniform 
in appearance and probably in composition. (See analysis 29, p. 87.) 
At McDowells the main bluff is on the right bank and the rock is of 
great purity. (See analysis 16, p. 86.) The exposures continue 
down to Paces Landing, 9 miles below Demopolis, beyond which the 
bluffs are much darker In color and striped with lighter bands, char- 
acteristic of the upper part of the formation. Thence down nearly 
to Moscow the upper beds are exposed. 

Above Demopolis at Areola and Hatcbs Bluff the bluish clayey 
limestones of the lower division of the Selma chalk are seen in force, 
with the lowennost ledges of the middle division— the horse-bone 
rock — capping them. (See analyses 19 and 20, p. 86.) 

From Demopolis eastward the line of the Southern Railway is 
on the outcrop of this white rock, as far as Massillon, where it passes 
into the territory of the lower division. Two miles from Demopolis 
on this road is the 6-kiln cement-manufacturing plant of the Alabama 
Portland Cement Co. This plant has not been operated since 1908. 
The quarry is across the railroad track from the kilns, a few hundred 
feet distant. The clay formerly used is residual from the decom- 
position of the limestone and is obtained from the river bank a 
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few yanb away. (See analyses 15, 18, 40, pp. 86-87.) A specimen 
taken from Knoxwood station, between the cement works and 
Demopolia station, shows similar composition (analysis 17, p. 86). 

At Van Dom station the white rock outcrops widely, and just east 
of the station there is a deep cut through it. (See analyses 21, 22, 
41, 42, 43, 44, 45, 46, pp. 86-87.) 

About TJniontown the bare rock is exposed at numerous points, and 
the place offers very great advantages for the location of cement 
plants. (See analyses 23, 24, 25, 26, pp. 86-87.) 

Residual clay overlies the limestone at the Pitts home place 
(analysis 1, p. 87). South of Massillon, near the crossing of the 
Southern and the LouisviUe & Nashville railroads, near Martins 
station, the white rock shows in numerous exposures, making a 
countiy somewhat similar to that about Uniontown. At many 
points the rock has no overburden and is admirably adapted to 
cheap quanying. On the banks of B<^ue Chitto Creek, near Martins 
station, on the Milhous place, the rock is exposed in a bluff, beneath 
a bed of plastic clay, and below a considerable thickness of red loam 
and sands of the Lafayette formation. (See analysis 27, p. 87.) 

The same rocks make the great bluff of White Bluff, on Alabama 
River. Specimens were selected from about halfway down the 
bluff, and from 20 feet lower. Generally red loam and sands of the 
Lafayette cap the limestone, but near the upper end of the bluff the 
white rock extends to the summit, capped only by plastic clay. 
(See analysis 28, p. 87.) 

At Elm Bluff the upper and middle divisions of the formation are 
in contact. At Kings Bluff the mi<ldle and lower parts of the forma- 
tion are in contact. At the other bluffs of the river between Kings 
Landing and Selma rock of the lower division is exhibited. (See 
analyses 30, 31, and 47, p. 87.) 

To summarize: From Demopolis eastward along the line of the 
Southern Railway, by Van Dom, Gallion, Uniontown, Massillon, and 
thence by Martins and Milhous stations to White Bluff, the white 
rock appears at the surface in clean exposures at almost innumerable 
points, rather immediately on or very near to the railroad. So far 
as the quality, quantity, and accessibility of the limestone are con- 
cerned, manufactories of cement might be located almost anywhere 
in this territory. From Demopolis westward the same conditions 
prevail up the river to Epes, and thence to Gainesville, beyond which 
point the white rock is to the west of the river at greater or less 
distance. East of Alabama River the outcrop of the cement rock 
is crossed by the Louisville & Nashville Railroad (Repton branch), 
between Berlin and Pleasant Hill stations. (See analysis 31, p. 87.) 
On the Montgomery and Selma road, at the crossing of Pintlala 
Creek near Manack station, the limestone is exposed in tlie creek 
48834"— Bull. 622—13 6 , GoOQ Ic 
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banks and in the open fields, in many places with little or no over- 
burden. (See analyses 32 and 33, p. 87.) On the main branch of 
the Louisville & Nashville Railroad the white rock shows between the 
city and McOhees switch. Examinations have not been carried 
beyond Montgomery, but it is known that the white prairie rock 
is crossed by the Central of Geoi^a Railway between Matthews 
and Fitzpatrick stations, and there seems to be no doubt that along 
this stretch of the road suitable rock will be found convenient to 
the line. 

ax. STSPHura uvxbtohs. 



The St. Stephens or "White" limestone of the Alabama Tertiary, 
which includes Oligocene and the uppermost of the Eocene strata, 
is, in general, equivalent to the Vicksbui^ andJackson limestones of 
the Mississippi geologists. 

In Alabama the St. Stephens limestone exhibits three rather well 
defined phases, which, in descending order, are (1) the upper division, 
observed only in Clarke County, (2) the middle division, r^srded as 
equivalent to the Vicksburg limestone of Mississippi geolf^ists, and 
(3) the lower division, regarded as equivalent to the Jackson group 
of Mississippi geologists. Of these only the middle division is of 
immediate interest, for the first is, as far as known, restricted to one 
locality (Salt Mountain), and the third is exposed in few places along 
Alabama rivers and railroads. 

The following section of St. Stephens BluS, Tombigbee River, will 
give an idea of the strata of this division: 

Section of St. Stejtlum Bluff. 

Feet. 

1. Bed reeidual clay 1-5 

t. Eighty foraitiferouB lUnentone holding m&iiily oyaters and full o[ holee, 

due to unequal weathering 10-12 

3. "Orbitoidee limestone" (chimney rock), a eoft, nearly uniform, porous 
limeatone, making smooth perpendicular face of the bluff except where 
bnnds of harder limeetone of very nearly similar composition alternate 
with the kAUx rock. Both'varietiee hold groat numbera of the circular 
sheUs of Orbiloida wanttUi. The harder ledges are nearly pure car- 
bonate of lime, take a good poliah, and are often burned for lime 60 

•t. Immediately below 3, for 5 or 6 feet, the strata were not visible, being 
hidden by the rock falling from above, hut the apace scema ta be occu- 
jtied by a bluieh clay. Then follows a soft rock of somewhat the same 
ronaistency as No. 3 above, but containing a good deal of greensand. 
The foesils are mostly oyslcn and PlagwUoma dunuisa. This bed is in 
places rather indurated superficially and ityrma projecting ledges 10-15 

5. Bluish clayey marl with much greensand, containing the same foagils as 

No. 4. It washes Of caves out from under No. 4, which overhangs it 4-5 

6. Maasive joint clay, yellow on exposed surfece, blue when freshly broken; 

no fossils observed. Eztsnds below the w»t«r level to unknown depth; 



3-4 



D,.„l,:ec.y Google 



ALABAMA. 83 

The rock of this division that seems best suited for cement material 
is the soft "chimney rock" or "Orbitoides limestone" of bed No, 3 
above. This is usually quarried for chimneys and other construc- 
tions by sawing it out and dressing it down with a plane into blocks 
of suitable size, whioh are then laid like brick. 

Numerous analyses show that this rock is purer than most of the 
Sehua chslk of the Cretaceous. In cement making it will, in con- 
sequence, require the intermixture of a lai^er proportion of clay, 
and the question of obtaining suitable clay in sufficient quantity in 
close proximity becomes of some importance. The residual clay left 
after decomposition and leaching of the limestone seems to be fairly 
well adapted to the purpose. Besides this residual clay there are 
available some river and creek clays near the limestone, and also the 
clays of the "Grand Oulf" formation, which in this section very 
generally overlie the limestone. Near Manistee Junction, on the 
Repton branch of the Louisville & Nashville Bailroad, the last- 
named clays are present in sufficient quantity to be of value if the 
composition is suitable. (See analyses 2 and 3, p. 87.) 

DISTRIBUTION or BI. STEEPENS LtMEerTONI. 

The bluff et St. Stephens, a section of which has been given, is 
tyi»cal of the formation. Here the whole of the soft "Orbitoides 
iimestone" or "chimney rock" might be used, as the composition is 
uniform throughout. The overlying harder limestone has almost the 
same composition, but it is less easily crushed and worked (analysis 34, 
p. 87). It may be quarried from the surface down, as it is covered 
only by a thin layer of residual clay (analysis 2, p. 87). Clay occurs 
near St, Stephens at the water level (No. 6 of the St. Stephens sec- 
tion). (See analysis 4, p. 87.) 

From Hobson's quarry, just above the Lower Salt Works Lauding, 
down to Oven Bluff, a distance of 2 milee, the " Orbitoides limestone " 
or "chimney rock" occurs at the base of bluffs of Tertiary age. At 
the quarry the hard Umeetoae, which is being taken out for riprap 
work, lies, as at St. Stephens, just above the soft chimney rock. 
Along the stretch of river above described this chimney rock lies just 
above the river bottom in a bed 15 or 20 feet thick and is easily 
accessible. (See analyses 37, 38, and 39, p. 87.) As regards clay, 
three varieties have been examined, a residual day from over the 
limestone, a swamp-bottom clay from the low grounds of Leatherwood 
Creek, and a clay bom the "Grand Gulf formation," which here over- 
lies the St. Stephens limestone. 

The first shoal in the river above Mobile is a few miles above Oven 
Bluff, and from the latter place down there is a 9-foot channel at all 
seasons, which will give to Oven Bluff a certain advantage in regard 
to transportation. The shoal mentioned is removable, so that 
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St. Stephens may be classed with Oven Bluff as regards transporta- 
tion by water, except that the former is some milee farther from the 
Gulf. 

At Glendon station, a few miles east of Jackson, an exposure of 
the chimney rock close to the track is about 20 feet thick and is 
covered by red residual clay similar to that at St. Stephens and Oven 
Bluff. The same chimney rock may be seen along the road between 
the station and Jackson, and no doubt it occurs from Glendon up tti 
Su^isville station within convenient reach of the railroad. Near 
Su^srille station the same rock occurs within a short distance of the 
railroad along the road leading from the station to the town. 

Between Suggsrille and Gosport the country rock is the St. Stephens 
limestone. There is no railroad between these places. 

At Perdue Hill the St. Stephens limestone outcrops near the ba.se 
of the hills which descend to the terrace on which the town of Claiborne 
stands. The bluff at Claiborne Landing shows near the summit the 
calcareous clays or clayey limestone which lies at the base of the 
St. Stephens, and which is generally thought to be the equivalent of 
the Jackson group of the Mississippi geologists. It is possible that 
this rock, where it occurs in sufficient quantity, may be suitable for 
cement making, since its composition is not very different from much 
of the Selma chalk. No investigations have yet been made concern- 
ing it, for the reason that there are comparatively few pomts i^ereit 
appears in adequate thickness and in favorable locaUties as regards 
transportation. 

At Marshalls Landing, just above the mouth of Randons Creek, at 
the top of the bluff, beneath the usual covering of residual clay, is 
the first exposure of the chimney rock along Alabama River. Below 
the orbitoidal or chimney rock at Marshalls there are 20 feet or more 
of a porous hmeatone. In the same bluff there are beds of calcareous 
clay, which might possibly be used in mixing with the limestone. (See 
analysis 5, p. 87.) At the landing these would be difficidt to quarry 
because of overlying strata, but they could certainly be found with- 
out cover along the bluffs above Marshalls. 

From Marshalls down to Gainestown Landing the riw blufb show 
beds of the limestone at numerous points. At Gaineetown the top- 
most bed of the St. Stephens, the hard crystalline Umestone, occurs not 
far above the water level in the river. This stone has been cut and 
polished and proves to be a first-rate marble, taking a good pohsli 
and showing agreeable variations in color. The soft chimney rock 
underlies the hard limestone here as at other points. 

At Choctaw Bluff, some miles below Gainestown, the last exposure 
of the Tertiary limestones on the river is an argillaceous limestone 
with numerous fossils; it seems hardly likely to be of use in cement 
making. 
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A few miles east of Marshalls Landing, at Manistee Mills, the 
terminus of a sawmill road, a quarry of the chinmey rock is con- 
veniently situated as to transportation, since it is on the railroad. 
Across the county to the Repton hranch of the Louisville & Nashville 
Railroad the St. Stephens limestone may, of course, he found at 
thousands of places J but only those that lie on a railroad Une are 
here discussed. 

Below Monroe station, near Drewry, on the Repton Branch, the 
Louisville & Nashville Railroad crossee the outcrop of the chinmey 
rock. A few miles below Drewry, at Manistee Junction, the "Grand 
Gulf clays " are finely exposed in railroad cuts both north and south of 
the station. (See analysis 47, p. 87.) Clays which may be suitable 
for admixture with the limestone are obtained from these cuts. (See 
analysis 3, p. 87.) 

The chimney rock may be found at many points below Evergreen, 
in the vicinity of Sparta and Castleberry stations. Many bluffs 
of this rock occur on the banks of Murder Cieek in this vicinity, and 
several quarries from which the stone has been obtained for building 
purposes are within short distances of the railroad line. At the foot 
of Taliaferros Heights the limestone forms high bluffs on the creek; at 
Ellis Williams Spring th^e are bluffs with the soft rock at the base 
and the hard horse-bone rock at the top; and on the creek bank a few 
hundred yards away is one of the quarries mentioned above. In fact, 
the localities where the rock may be found within convenient distance 
of the railroad and in a position favorable to cheap quarrying are 
numerous in all this region. (See analyses 35 and 36, p. 87.) N(f 
clays were seen except the usual residual clays from the decomposi- 
tion of the limestone and a clay occurring close to Evergreen in the 
pits of Wild Bros. These Evergreen occurrences have attracted 
attention because of their location on the line of a great railroad 
system within short distance of tidewater. Farther east the hme- 
stone formation extends across Alabama and into Qeoigia and Florida 
and is crossed in two places by the Central of Georgia Railway. 

To summarize: Though the St. Stephens limestone outcrops across 
the State from the Mississippi line to Chattahoochee River in many 
broad bdts, attention has been concentrated on those locahties which 
he upon mivigable streams or upon railroad lines terminating in Gulf 
ports. As compared with the middle division of the Selma chalk, 
the limestone is more uniform in composition, higher in lime, softer, 
and more easily quarried and crushed, and in geographical positioD 
many miles nearer the Gulf. Its thickness, on the other hand, is 
much less, although sufficient to supply an indefinite number of 
cement plants with raw material. 
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The foUowing tables ff.ve onalyaeB of Cret&ceous and Tertiary 
limestones and clays of central and southern Alabama: 

Anafyta qf CreiaoeoM and Terttary limettorut. 
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POBTLAND CKMENT IHDUBTBT. 

The Alabama chalks and Umeetones possess many economic advan- 
tages over most other Umeetonee that occur near the Atlantic and 
Qulf coasts. These advantages may be briefly stated as follows : 

1. The deposits of the Selma chalk of the Cretaceous are in general 
of almost the proper composition for making Portland cement. 
They require the addition of little or no clay, uid in consequence the 
cost of grinding and mixing is materially lees than that of preparing 
an ordinary timeetone-clay mixture. As against this advantage, the 
chalks have a very low silica-alumina ratio, and many of them are 
difficult to dry properly. The St. Stephens limeetone of the Tertiary 
ia not ao neu* the ideal composition as the Selma chalk but is nevei^ 
theless a very satisfactory cement-making material if used in combi- 
nation with the overlying "Grand Gulf clays." 

2. Coal of good quality occurs within a reasonable distance of all 
the Alabama cement-rock deposits. (See Fl IL} As the weight 
of coal used for power and kilns is 50 to 60 per cent of that of the 
cement produced, a supply of cheap fuel ia important to the success 
of a cement plant. 

3. Labor is abundant and cheap in the Coastal Plain cement district 
of central and southern Alabama and is reasonably so in northern 
Alabama. 

4. In addition to supplying the market for cement in su<di cities as 
Atlanta, Birmingham, Mobile, and New Orleans, cement plants on 
the navigable rivers of Alabama can place their product at any point 
on the Gulf or southern Atlantic seaboard at very low prices, for the 
cost of transportation by water is low compared with the railroad 
freight rates which most other plants will be compelled to pay. 

In view of these advantages it seems reasonable to expect that in 
the near future Alabama will take high rank among the States as a 
producer of Portland cement. In 1911 two plants were in operation, 
one old pUnt was idle, one under construction, and others were in 
various stages of promotion. The two operating plants are at Leeds 
and at Ragland. 

The oldest plant, now inactive, is owned by the Alabama Portland 
Cement Co. and is located at Spocari, near Demopolis, Marengo 
County, on the line of the Southern Railway, llie raw materials 
used were the soft chalky limestone of the Cretaceous and a residual 
clay, both occurring in the immediate vicinity of the plant. Analyses 
1 and 2 of the following table show the composition of the limestone 
used at the plant and analyses 3 and 4 that from neai^by localities. 
The limestone actually quarried runs a Uttle too high in time car- 
bonate to make a good Portland cement by itaelf and a small amount 
of clay is added to get the proper mixture. No analyses of this clay 
are at present available. 
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Atutlj/Ma oflimetbmt ntat Denopolii, Ala. 
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1. QaaciT AMwoa PartiMid CenMot Co. R. B. HodgM, aniljit. 

2. QuuTTAbbunaPonlaiidCcmantCfl. B. Doc. No. l>,6St£ Cong.JstMn., lMn,p.22. 

3. Donopolls. Proe. Alaliuiia IndiMtrUI and SdantUlo Soc, voL t, 18W, pp. i4-Sl. 
I. DBmopaUs. V. p. Dewey, aiwlTit. 

The following aaalyaes are of the "Red Diamond" brand of Port- 
land cement, manufactured at this plant: 

AnalyteM of Portland eenunt made tuar DanopoHt, Ala. 
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I. CHskar. F. W.CIuka, ualyrt. 

3. Cnacnt. A. W, Dow.uudrM. 

ICBmmit. S.Doc.N'a.ig,8&LC(>i)(.,IMMn.,IinB,p.23. 

4. Canent. K. B. Hodin, aiulnt 

5. Craiant. Cemont ^BrtnrTsd «d., IMS, p. 3U. 

l^e second Pordaud cement plant to go into operation in Alabama 
was that of the Standard Portland Cement Co. at Leeds. The raw 
materials used are pure limeatoae of Trenton age (Chickamauga 
limestone) and shatee of the Clinton ("Rockwood") formation. A 
plant of the Atlantic & Gulf Portluid Cement Co., near Kaglaod, 
using Chickamauga limestone and Carboniferous shale, has gone 
into operation recently. 

Among prospective plants in various stages of promotion or 
construction may be mentioned a plant at St. Stephens, near Mobile, 
to use St. Stephens limestone and overlying clay; a plant near Blount 
Springs, to use Bangor limestone and probably shales of the Clinton 
formation; and a plant near Ensley, to use blast furnace slag and 
limestone of Chickamauga or Bangor age. 
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PORTI.A.ND CEMENT RESOURCES OF ARIZONA. 

POBTIiAMD OBHBHT ICATSBXAIiS. 

Very little detailed information is available concerning either the 
areal distribution or the chemical composition of the limestones of 
Arizona. Reports on mining districts contain scattered notes on 
distribution, but give few analjsee. Some data are available in 
regard to several specific cement properties in the State. 

In 1905, though no commercial Portland cement industiy had 
previously been established in Arizona, a plant was started and 
operated there by the United States Reclamation Service. This 
interesting experiment in Federal ownership of an industrial enter- 
prise was due to the necessity for procuring large supphes of cement, 
at a reasonable price, for one of the largest of the projected irrigation 
dams (the Roosevelt dam), which was to be constructed in the Salt 
Rivw valley. At that date cement for this dam could have been 
obtained only from plants on the Pacific coast, at Salt Lake City, or 
in Colorado; and freight rates would have made the cost prohibitive. 

The results of analysis of a number of raw materials occurring near 
the dam site are given in the following table. Nos. 1 and 2 r^resent 
the range of the limestone and Nos. 6 and 7 the clays used at the 
cement plant. 
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Samples of Emestone from places along or near Qila River, near 
projected dams for irrigation purposes, were analyzed by E. Duryee 
with a view to determining their value as Portland cement materials. 
These analyses are given m the following table: 
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ABIZOKA. 

Anah/te$ of HmMlone near Oila River, Arit. 
[E. DiH7ee,uBlrBt.] 
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None of these latter samples hare been utilized to the present 
date. 

The following analyses* of limestone from the Bisbee district of 
southeastern Arizona were made by W. F. Hillebrand on samples 
collected by F. L. Ransome: 

Anah/ia of limalonti from Biwba diitHcl, Aritona. 
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POaTI.Ain> CEICENT nmUBTAT DT ARIZONA. 

The Government plant at the Roosevelt (Salt River) dam was 
aoi.d to private parties after the completion of the dam. It will be 
removed to a point near Phoenix and operated aa a commercial 
plant. 

Though cement has at present no la^ market in Arizona, con- 
siderable local demand for it exists for use in railroad constructioa 
and in the mining camps. A small plant, therefore, may £nd a 
local market for its product. 

BIBIJOailAFHT. 

Datis, a. p., and Dubybe, E., Tmto of cement m&terialH tram Bait River, Ariiona: 

Water-Supply Paper U. S. Geol. Survey No. 73, 1902, pp. 48-61. 
Ddrtbi, E., Teeta of cement materiale from Gila Biver, Arizona: Water-Supply 

Papw U. S. Geol. Survey No. 33, IBOO, pp. 82-90. 
CemsDt invesdgatioDB in Aiuona: Bull. TJ. 8. Qeot. Survey No. 213, 1903, 

pp. 372-380'. 
Rahsoub, F. L., Geology of the Globe copper district, Arieona: Piof. Paper U. S. 

Geo!. Survey No. 12, 1903, 168 pp. 
Geology and ore depodte of tbe Biebee quadrangle, Arinuia: Piof. Fapor 

U. S. Geol. Survey No. 21, 19M, 168 pp. 



> Frol. Paper U. 3. Qeol. Surrey No. H, IWM, p. 



„Google 



92 PORTLAND CEMENT HATEBULS OF UNITED STATES. 

PORTLAND CEMENT RESOURCES OF ARKANSAS. 
POBTLAim CEKSNT KATSBIAIJB. 

Arkansas is divided geologically into two very distinct parts, only 
one of which is provided with materials adapted for use in Portland 
cement manufacture. The portion of the State lying southeast of a 
line drawn through Pocahontas, Powhatan, Jacksonport, Searcy, 
Little Rock, Benton, Arkadelphia, Prescott, and Texarkana is 
covered by clays and gravels and contains absolutely no limestones 
lit for use in cement manufacture. In the region northwest of that 
line, however, a number of limestones are available for making 
cement. 

LIUBSTONBS. 

Of the limestone formations in Arkansas seven seem to be worth 
considering as possible sources of cement materials. These lime- 
stones, which wiU be described below,* are the following: 

"Suatoga" ch&Ik member of Marlbrook nurl Upper Cretaceous 

AnnoDa ("While Clifb") chalk Upper Cretaceous 

Pitkin (" Archltnedea ") ]iineHt4me 

MiaeiasippiaQ ("Lower Carboniferoua") 

Boone formation MiasifisippiaD ("Lower Carboniferoua") 

St. Clair limestone Silurian 

Folk Bayou limestone Ordovician 

Ixard limestone Ordovician 



The Izard limestone occurs in Independence, Izard, Stone, Searcy, 
Marion, and Newton counties. It is found in quantity on all the main 
branches of Lafferty Creek and at some points reaches a thickness 
of 200 feet. In places it occurs in almost perpendicular bluffs, but 
more commonly it is seen in steep, terraced slopes. The finest ex- 
posures are along the tributary flowing west from Oushman, known 
as Blowing Cave Creek; in the ravine in the north part of sec. 13, 
T. 14 N., R. 8 W., and on the lower part of West Lafferty Creek for 
4 miles above its junction with East Lafferty. In sees. 3 and 10, 
T. 14 N., R. 8 W., the exposures are especially noteworthy both for 
quantity and quality. 

At Pentera Bluff on White River and in the adjoining r^on the 
limestone is admirably situated for quarrying. Penters Bluff is 
almost perpendicular and is more than 400 feet high, 285 feet of the 
base being laard limestone. In the rear of the lower end of the bluff 
a ravine from a fourth to half a mile in length penetrates the hill at 
a small angle from the course of the river, leaving a high nurow wall, 

1 AbetnotBd tram dlacunlans of the Slluriin and CBrbonileiDua Umeatonea by T. C. BopUni (Maiiila 
■nd Dlber Umolona: Ann. Kept. Arkuiwa Owl. Survey lor 1800, Tol. i, ISBS), ind ol tin CreUoBDUa 
chalks by J. A. Taff (rhalk ol HUthweileni Arkanus: Twanty^ecand Ann. Rspl. U. S. Geo!. Sumy, 
pt.3,lS02,pp.eg7-7<3). E.O.UlricfahM kindly tumiihediuaDydauaincuiilucUicFaltoialclimMmiuM. 
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which has an abrupt face riverward and is so close to the river bank 
that there is scarcely room for the road along its base. The rear of 
this wall is a steep, terraced slope facing the ravine. The slope of 
the south end of the wall is rather steep for 60 to 70 feet from its base; 
farther up it is gentler. The rocks have s low dip to the southeast. 
The south end of the bluff for about a quarter of a mile connsts 
entirely of the Izard limestone. 

West of Penters Bluff, on the north side of White River, the lime- 
stone is covered in a few places by the chert debris but crops out 
almoet continuously along the >iinR next to the river and on the lower 
course of all its tributaries at least as far as Mount Olive. 

The largest and most conspicuous outcrop of Izard limestone west 
of Penters Bluff is on Wilson Creek in the northwestern part of the 
Batesville quadran^e. At the base of the hill on each side of the 
creek are from 100 to 200 feet of Izard limestone. The bottom of 
the bed is not exposed. At some places the limestone outcrops in 
solid continuous layers; at others the surface is covered with more 
or less r^ular rectangular blocks, the result of weathering. The 
position of the stone for quurying is all that could be desired. 

In the eastern part of Stone County the Izard limestone is exten- 
wvely developed on the south side of White River. Along the river 
from a point opposite Penters Bluff to the lower end of Round Bottom 
this limestone forms the base of the hills and is from 100 to 200 
feet thick. Up the river from Bound Bottom the base of the hills is 
composed of saccharoidal sandstone, the Izard limestone lying near 
the top. Toward the north the Izard limestone gradually approaches 
the tops of the hills until it thins out and disappears entirely in the 
Dorthem part of the county, being replaced by the underlying rocks. 
It appears in lai^e exposures along Cagen and Dry creeks. Rocky 
Bayou, Hell Creek, and South Sylamore Creek and in smaller quan- 
tities on N^orth Sylamore and Livingstone creeks. 

In Searcy County the Izard limestone is not nearly so thick as it is 
farther east, for it gradually thins to the west. It occurs in consider- 
able quantities along Big Spring, Bald Knob, Little Rock, Rock, 
Brush, and Bear creeks, on the south side of Buffalo River, and on 
the north side of Mill and Jimisons creeks. 

In the eastern part of Newton County a small quantity of Izard 
limestone occurs along Buffalo River, the most western outcrop noted 
being in sec. 26, T. 16 N., R. 21 W., about a mile below Jasper. 

The Izard limestone is seen at its maximum thickness on White 
River at Penters Bluff, Izard County, where 285 feet are exposed, and ' 
the bed extends below the level of the river, so that the tot^ thickness 
can not be ascertained. From this point it gradually thins eastward 
to R. 4 W. in Independence County and westward to R. 18 W. near 
the western border of Searcy County. It thus has an east-west extent 
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of more than 80 miles. Ita width north and south vtuies from 3 to 
10 miles, deponding on the topography. At Rocky Bayou its thick- 
ness is 160 feet; at Roasting Ear Creek, 150 feet; at St. Joe, 150 feet; 
OD Jimisoie Creek, southwest from St. Joe, 50 feet; at Penters Bluff, 
the lowest exposure on White River, 285 feet; and in sec. 26, T. 15 N., 
R. 10 W., opposite the lower end of Round Bottom, 130 feet. It 
extends much farther up the river &nd ends somewhere between the 
mouth of Livingstone Creek and Rappied Branch. On the east end 
of the riv^ bluff, above the mouth of Hidden Creek, it is 250 feet 
thick. 

The Izard limestone is a smooth, fine-grained, compact, homogene- 
ous, Donfoesiliferous, eren-bedded limestone, breaking with a con- 
choidal fracture. It ia mostly of a dark-blue color, varying locally to 
buff, h^t and darii gray, and almost black. 
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FOLK BATOU AIFD ST. CiMS. LIVESTOnS. 

On the north side of White River the Polk Bayou and St. Clair 
limestones outcrop over a somewhat irregular belt 80 miles or more in 
length and from 2 to 10 miles in width, running across the central part 
of north Arkansas in a nearly east-west direction, and extending from 
Hickory Valley in R. 5 W. toMouatHerseyinR. 19 W., with isolated 
outcrops as far west as Jasper, in R. 21 W. In Independence County, 
at the eastern end of the area, the outcrop is all on the north side of 
White River, It crosses White River at Penters Bluff, from which 
place it is found only on the south side of the river. Its northwestern 
boundary in the main is the fault near St. Joe. 

In the western part of the area the outcrop is comparatively thin, 
the maximum thickness being exposed at Penters Bluff. The western 
and northwestern limits are fairly well defined. On the south the 
rocks dip beneath the overlying Mississippian beds of the Boston 
Mountains. 

On the south side of White River, as on the north side, the marble ' 
outcrops along the narrow, winding watercourses. On both sides of 
the river the rocks have a gentle south dip, so that as the northern 
limit of the outcrop is approached the limestones occur higher and 
higher up the hillsides until they are finally displaced by the under^ 
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lying Ordovician rocks. On the south side of the river the limestones 
gradually descend to the beds of the streams, where they dip away 
gently toward the south, disappearing beneath the overlying Missis- 
sippian rocks. Except where concealed by the i^ert debris, the lime- 
stone outcrop on the south side of the river is continuous as far west 
at least as R. 12 W. 

The eastern limit of the limestone outcrop on the south side of White 
River is in the NW. J sec. 5, T. 14 N., R. 8 W., just above Pentere 
Bluff. Opposite the bluff the limestone is concealed by chert debris. 
Upstream from the outcrop in see. 6 the hills become steeper and 
&re so close to the river that from Penters Bluff to the mouth of 
Syiamore Creek they form a river bluff, which is broken by numerous 
small creeks and ravines and by two short strips of alluvium — Jones 
Bottom, in R. 9 W., and Round Bottom, in R. 10 W. This bluff is 
not so high nor so prominent' as Penters Bluff, but it consists of the 
same rocks — Izard limestone at the base, overlain by Polk Bayou 
limestone, which is capped with chert. 

The St. Ciair and Polk Bayou limeatones, considered together, form 
one of the thickest and most important series of limestones in the 
State. They are underlain by the blue Izard limestone and overlain 
by the Devonian Chattano<^a shale or its basal sandstone member 
(Syiamore), in places an inconspicuous bed only a few inches in thick- 
Dpsg. In the absence of both the Syiamore sandstone member and 
the rest of the Chattanooga shale the St. Clair and Polk Bayou lime- 
stones are overlain by the St. Joe limestone, which fonns the basal 
member of the Boone formation. 

The maximum thickness of these formations, which is 155 feet or 
more, is at Penters Bluff, on White River. The limestones thin out 
gradually toward the east, west, and north; on Polk Bayou they are 
probably not more than 100 feet thick, and on Dota Creek, still farther 
east near the Paleozoic border, they do not occur at all. Above Uie 
mouth of Hidden Creek, on White River, they fire 50 feet thick; but 
a few miles farther up the river, below the mouth of Twin Creek, only 
a trace of them remain. On the south side of White River, on Little 
Rocky Bayou, the thickness is from 25 to 40 feet; on South Syiamore 
it is from 25 to 50 feet, and at St. Joe it is from 20 to 30 feet. 

In general, both the Polk Bayou and the St. Clair limestones are 
highly crystalline, being composed of small crystals of nearly uniform 
size. They are tenacious, easily cut, break with difficulty, and have 
a slightly conchojdal fracture. In weathering the crystals are sepa- 
rated, and the material then resembles coarse sand. 

These formations commonly outcrop in heavy layers from 2 to 4 
feet or more in thickness; but in some places the rock is massive, the 
entire exposure being in one solid bed. 
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Except where deejily stained with manganese and iron the St. Clair 
limestone is a remarkably pure carbonate of lime. 

Aitalyta of St. Clair and Polk Baj/ou timatOTUt. 
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■T. JOX UmiTOKX KXKBXa or BOOHS rOKMATIOS. 

St. Joe mnrble is the name given by the Arkansas geologists to 
the conspicuous bed of red limestone which is widely distributed over 
neariy all the counties of Arkansas north of the Boston Mountains. 
It is so named from the village of St. Joe, in Searcy County, Ark., 
where there is a typical pxposure and where it was first studied by 
the Arkansas Geological Survey. In the publications of the United 
States Geological Survey this bed is termed the St. Joe limestone 
member of the Boone formation. 

ITie St. Joe limestone is situated at the base of the Boone forma- 
tion, of which it forms a part. It ia underlain by the Chattanooga 
shale, where that formation occurs, or by Silurian or Ordovician 
rocks. In the eastern part of the marble area of the State it overlies 
the St. Oair limoatone, from which it is separated in most places by a 
thin bed of Devonian shale or sandstone; west and north of the bor- 
ders of the St. Clair limestone it overlies the Ordovician saccharoidal 
St. Peter sandstone or the Yellville limestone, with either of which, 
in the local absence of the Devonian Chattanooga shale, it may be in 
direct contact. 

The thickness of the St. Joe limestone member throughout the 
greater part of the area in which it occurs is from 25 to 40 feet. But 
OS in many places no definite line of demarcation exists between the 
marble and the overlying chert, the upper limit of the marble is some- 
what questionable. In some places in the eastern part of the area 
the chert rests directly on the Ordovician rocks, showing the entire 
absence of the St. Joe, and in other places, as in the vicinity of Marble 
City, the chert is at one place 100 feet and at another 260 feet above 
the bottom of the marble. In such places, however, the upper part 
of the bed is of gray limestone similar to that interbedded with the 
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chert elsewliere, but no sharp line can be drawn between the red 
marble at the base and the gray limestone OTerlying it, for the two 
gradually meige into each other. 

The chemical analyses given in the accompanying table ahow the 
St. Joe limestone to be a comparatively pure carbonate of lime. 
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UMMUTotns or TBS BOOVX roHKATIOS. 

The Boone formation contains large quantities of limestone, some 
of the most valuable beds in the State occurring in it. In different 
parts of the r^on it differs widely both in quantity and quality. In 
Bome places it is made up almost entirely of limestone, and in others 
it consists almost entirely of chert. For convenience it is considered 
under three heads: (1) The limestone underlying the chert; (2) the 
limestone overlying the chert; and (3) the limestone in the chert bed. 

UVESTONE ITNDKRLTINa THE CHEBT, 

The bed underlying the chert has been designated the St. Joe 
limestone member and has ahready been described in detail. 

UHaSTONE OTEBLVINQ THB CHERT. 

The limestone overlying the chert is classed as part of the chert 
bed, but in many places it is apparently separate. In most places it 
is dai^ gray on a fresh fracture but changes on exposure to light 
gray, on account of the loss of bitimiinoua matter. In some places 
the rock is almost entirely free from organic matter. It is coarsely 
crystalline, slightly fossiliferous, homi^eneous in texture, very tena- 
cious and has a conchoidal fracture. It gives out a fetid odor on a 
fresh surface. lo few places does it present sharp edges on weathered 
expoBuree but outcrops in rounded bowlders or prominences through 
the soil. In places the hmestone contains numerom small angular 
fragments of chert. 
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The limestone overlying the chert bed was not observed in the east^ 
em part of northwestern Arkansas, where, however, luueetone does 
occur in many places near the top of the chert bed but either con- 
tains intercalated chert or is overlain by thin layers of chert and is 
distinct lithologically from the bed overlying the chert in the western 
part of the area.' It occurs in the western part of the State, in Car- 
roll, Madison, Benton, and Washington counties, where it outcrops 
around the numerous outliers of the Boston Mountains. Ck)mpEira- 
tively small quantities of it are exposed on Grindstone and Fond 
mountains, near Eureka Springs, but on Swain Mountain, T. 19 N., 
R. 26 W., it forms a prominent ledge around the east end of the 
mountain between the chert and the overlying Batesville sandstone, 
outcropping in rounded ledges along the Eureka Sprii^s-Huntsviile 
road, where it is very dark, almost black, on a fresh surface. It is 
exposed in large quantities in Stanley Branch around the borders of 
the Batesville sandstone areas, in heavy ledges around the base of 
Keefer Mountain south of Hindsville, about Goshen, in T. 17 N., R. 
2S W., on the tributaries of Kichland Oeek, and on Foot, Ellis, Hum- 
phrey, Blansett, and other mountains on the west side of White River. 

LtMESTONBe IK THE CHERT BED. 

Though most variable in quantity and qualityj the limestones in 
the chert form some of the lai^est and most valuable beds in North. 
Arkansas. Instead of a persistent, clearly defined bed of limestone 
running through the chert, there is rather a bed of chert, with lai^e 
quantities of limestone variously mixed through it. In some places 
the limestone occurs in irregular lay^^, varying from an inch to a foot 
or more in thickness, intercalated with like irregular layers of chert ; 
in other places it occurs in lenticular masses ; again, the chert occurs 
in lenticular or nodular masses in the limestone; in still others the 
chert and limestone are so intimately diffused that it is not possible 
to draw any sharp line between them. In many localities, however, 
the limestone forms a bed from 20 to 100 feet or more in thickness, 
almost or entirely free from chert, and it is in such places that the 
stone acquires economic value. The variabihty of the Boone forma- 
tion is laif;ely due to local causes favoring or retarding replacement 
of limestone by chert. 

Nearly all the limestone in the chert is more or lees crystalline, but 
it ia much more so in some places than in others. In a general way 
it is more crystalline in the central part of the area than it is either 
to the east or west and more crystalline to the east than to the west. 

There are many local changes in color, texture, and structure of the 
limestone in the chert, and there are some distinctly marked varieties 
of it, 

> B. O. Ulilcb itates Uiit part of thia UmeBtone— tha biwk variety— Is ■ bed In tbe bani part of tb« 
FaTrttoTUJethaie. 
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The oolitic limestooe, i^iich is one of the most valuable vsrieties, 
is known to occur at three localities — northeast of BateevUle; near 
War Eagle Creek, about 4 miles north of Huntsville; and on Brush 
Creek, in T. 17 N., B. 28 W. The rock at BatesviUe ' occurs in layers 
from 3 to 5 feet thick and can be quarried in as large pieces as can be 
handled. In color and appearance it somewhat resembles the oolitic 
stone of Indiana, but it is harder and more crystalline than most of 
the latter and is harder to work. At the two othw localities it is 
lighter colored, softer, and more easily wrought. 

Another variety, found in the western part of Independence County, 
is a hard, compact, close-grained, finely crystalline, slightly fossilifer- 
ous, dark-colored stone, the dark color being due to bituminous mat- 
ter, which in some places occurs only in such small quantities as to 
give the stone a light-gray color. In some places the limestone 
develops a shaly structure, but in most places it occurs in firm, solid, 
and resonant layers from 2 inches to 3 feet thick. 

A variety widely distributed over the central part of the area is 
highly fossiliferous, coarsely crystalline, and varies from light to dark 
gray in color. The fossils are mostly crinoid stems, though the rock 
contains nunierous bryozoans and brachiopods. In some places it 
tontuns considerable amorphous matter, but at many others it is 
almost completely crystalline. 

The limestones in the chert vary greatly in composition, ranging 
by close gradations from chert to almost pure calcium carbonate. 
However, nearly all the laige beds are comparatively pure carbonate 
of lime. Some nodules or lenticular masses of chert occur in the 
heavy beds of limestone, hut nowhere was any considerable quantity 
of silica found diffused through them. The whole series, in fact, 
might be divided into (1) chert almost free from lime, (2) calcareous 
chert or siliceous limestone, and (3) comparatively pure limestone. 
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The Pitkin (" An^iimedes " ) limestone is impure, generally loose 
textured, very fossiliferoiis, and varies from bluish-gray to brown. 
In moet places it is distinguished by a apiral-shaped bryozoan of the 
genua Archimedes, from which its former name was derived. The 
compactness of the stone appears to vary with the size of the fossils. 
Where these are large the texture is open, or even loosely a^jgregated; 
where they are small they are closely compacted and the rock is finn 
and durable. In some places the formation grades into saudstooe, the 
change being so gradual that no line of demarcation is visible; in 
other places it is very argillaceous ; and as a rule it contains iron and 
bituminous matter. At some localities it has a loose, sbaly structure, 
and in others it occurs in strata 10 feet or more thick. 

The Pitkin hmestone varies in thicknees from a few inches to 80 
feet or more. It measures 25 to 40 feet in Washington County, 80 
feet on Pinnacle Mountain, Newton County, and is apparently more 
than this on the face of the Boston Mountains, south of Buffalo River, 
where do measurement was made. C. E. Siebenthat reports a thick- 
ness of 200 feet in the Boston Mountains, south of Mountain ^ew. 

This Pitkin limestone is widely distributed over northern Arkansas, 
occurring in nearly all rock exposures at the proper horizon, but as it 
is in some places less durable than the overlying rocks, it is frequently 
concealed by talus. Elsewhere it is more durable than the over- 
lying rocks and forma a prominent escarpment along the face of the 
mountains. It outcrops along the north face of the Boston Mountains 
and in many of the northern outhers from Independuice Coimty west 
into Oklahoma. It outcrops also on the south side of the Boston 
Mountains in several places in Crawford, Franklin, Johnson, and 
Newton counties. In Limestone Valley, Franklin County, it has a 
thickness of 100 feet or more. 

It is prominently developed in the group of mountain peaks in the 
southern part of Boone County and the northern part of Newton 
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County. At Fodder Stack it forms the cap rock, about 100 square 
feet. On Pinnacle Mountain it occurs in a prominent ledge SO feet 
thick, 400 feet below the top of the mountain. On Pilot Mountain, 
at the north end of Boat Mountain, it is 30 feet tliick and Ues 200 feet 
below the top of the mountain. It is concealed by talus in many 
places on both Pilot and Boat mountains. 

Lai^ e^weures of the Pitkin limestone exist on both aides of 
Buffalo River, in Newton County, on the mountain between Big and 
Little Buffalo creeks, and at many places along the north face of 
the Boston Mountains in Searcy, Stone, and Independence counties. 
The rock is conspicuous on the mountain south of Jamestown, Inde- 
pendence County, as well as at many places on Salado Creek, in the 
same county, and it skirts the hi^ands southwest of the Oil Trough 
bottom. 

OaXTAOXOUS OSAI.X BXDI.i 
DUTUBUTION AND CBA.a*CTKB. 

The Cretaceous rocks of Arkansas occur only in the southwestern 
put of the State, reaching as far northeast as Arkadelphia. (See 
PI. ni.) On the north they are bordered by Paleozoic sandstones 
and shales, and on the south and east they pass out of sight beneath 
sands, gravels, and clays of later age. 

Tbe only part of the series considered here is the chalk formation 
of the Upper Cretaceous. This is geologically continuous with the 
Austin chalk of Texas (see pp. 336-336), but is covered in many 
places by sands, gravels, and river bottoms, so that it occurs as a 
series of isolated outcrops. It outcrops near Rocky Comfort, in Little 
River County, and near White (TlifTs, Saline Landing, Washington, and 
Okolona, and on Big and Ijittle Deciper creeks. 

The chalk of all these areas is of Upper Cretaceous age, but it 
varies considerably in stratigraphic position. The chalk beds at 
Rocky Comfort, White Cliffs, and Saline lianding become more sandy 
and clayey and less chalky as they are traced northeastward from 
the last-named area, and in a short distance become worthless as 
cement materials. In the same region a series of limy clays, situated 
geologically about 200 feet above this first chalk series, becomes more 
chalky as it is traced northeastward. This second chalk bed is 
worth considering as a cement material in its outcrops near Washing- 
ton and Okolona and on Big and Little Deciper creeks. 

The first or lower series of chalk beds is the Annona ("White 
Cliffs") chalk and the second or higher series is the " Saratoga " chalk 
member of the Marlbrook marl, each being named from a locality at 
which it ia well exposed. 

I TlH ibKi^tkm of the CnUoeoiuclnlk* ti Id laiga part t*keo (tt'in a veiy deUllRd nport by J. A. T«fl 
m The chalk oT eeuthwftam Aifcenns, wllh ootaa on Iti adkptttilUt; to the nuaubDtura Ol liTdniilla 
taimtK Twaatj-aoBOad Ann. Rapt. U. B. Oeoi. Survey, pt. 3, 1902, pp. «§»-743. So I*r u poadble OH 
nUtwisitatwllnMt. Tiff'sowoironli. ,- i 
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ANMOHA ("VHITB CLIFPS") CHALK. 

Rocky Comfort oreo.— The chalk which outcrops in the vicinity of 
Rocky Comiort is remarkably uniform in physical appearance. It 
ia massive, white, sufficiently friable to soil the fingers, and may be 
broken in thin pieces by hand but can be pulverized only by a ham- 
mer. On exposure the chalk breaks into conchoidal fragments, 
which weather to lumps and finally become chalky dust. In the 
hillsides south of Rocky Comfort the bedding is scarcely perceptible. 
In physical appearance this chalk is like that near White Cliffs and 
is of practically the same composition as that from White Cliffs 
quarry. 

The lower beds are exposed by the road in the SE. i SE. i sec, 21, 
T. 12 S., R. 32 W., and also near the middle of sec. 21, with chalky 
marl cropping below. These basal beds are more clayey and siliceous 
than those higher in the formation south of Rocky Comfort. 

From the center of sec. 21 to the "line road" in the SW. J sec. 29 
the chalk is concealed beneath residual black soil. At the line road 
the chalk is well exposed in ditches and on high ground along the 
road almost through the SE. J SW. J sec. 29. The lower beds of 
the formation are also exposed in the hill and bluff facing the river 
bottom in the NE. J NE. J sec. 31. 

From the base the chalk grades downward through bluish clayey 
chalk into still less chalky clay. This transition clay chalk is exposed 
at the contact in the SW. i sec. 29 and in deep ditches on the hill 
slopes below the Hopson graveyard, in the NE. { NE. J sec. 30. 
Though analysis (No. 2, p. 112) of the transition clayey chalk from 
the latter locality shows that the marl contains 25 per cent of silica, 
sand is not visible. 

From sec. 30 northward to the Holman place, near the center of 
sec. 18, the clayey chalk is generally concealed by its residual soil. 
Qrayish-blue, sandy, chalky marl, partly indurated at the surface, 
outcrops at the Holman House and in gullies 500 feet farther west. 
Thia chalky marl is perceptibly more sandy than that higher in the 
section immediately below the true chalk. 

The crumbling edges of the chalk deposits outcrop in the low blutf 
of Walnut Bayou bottom from the NE. } NE. i sec. 30 southward 
to the extreme south end of the chalk area, in the SE. i SW. J sec. 32. 

Excellent exposures of the chalk occur in and near the road in the 
SW. i SW. i sec. 32. (See analysis 3, p. 112.) The chief difference 
between this and the other samples of the purer chalk analyzed is 
that it contains much more clay. The only perceptible physical 
difference, however, is that it is a little harder. 

A rather lai^e exposure of white chalk, of beds near the top of the 
formation, appears on Col. Heniy Hawkins's place, in the NW. J 
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sec. 33. About one-fourth mile southeast of the house, in the SE. i 
NW. i sec. 33, the top of the true chalk and the base of the succeed- 
ing chal^ marl ase exposed. A thin mantle of graTol conceals 
part of both the chalk and the marl. The upper layers of the chalk 
are also exposed south of the branch, in the SE. { sec. 28. 

There are smaller exposures of chalk in this r^on, but it is believed 
that those shove described are typical. 

White Cliffs area. — The chalk exposed in the White Cliffs area occu- 
pies parts of sees. 25, 26, 35, and 36, T. 11 S., R. 29 W., and sees. 30 
and 31, T. 11 S., R. 28 W., covering an area of about 600 acres. 

A large part of the chalk of the area is covered by a thin mantle 
of gravel and sand. In places this gravel may be several feet thick, 
but it is believed that it will nowhere interfere seriously with the 
removal of the chalk. The chalk is also concealed in places, espo- 
ci&liy near the border of tte area, by its own residual soil, contain- 
ing scattered pebbles or a very thin layer of gravel. 

The most noteworthy exposure of chalk in southwestern Arkansas 
occurs in the cliffs overlooking Little River from the east side, in the 
northeast comer of sec. 35, T. 1 1 S., R. 29 W., immediately above the 
ferry. 

From the brink of the cliff down to the water level is 115 feet, and 
about 15 feet of chalk is exposed at a higher level by the road which 
leads from the cement works. The following is a detailed section, 
b^inning at the top of the chalk and marl in the cliff: 

Sietion at ynUt Clifft Landing. 

1. Ibaive ca'eamy-whita chalk, in b«da from a foot to about 10 feet thick, lep- 

aiat«d by thin partings of very slightly laminated chalk. The variation 
in the character of the chalk from bed to bed ia not perceptible on physical 
examination, and the stratification planes are not clearly defined except 
npon partial weathering of the rock. (See analyses 7, 8, and 9, p. 112],.. 60 

2. Humve dull bluiah-nhits nliceous chalk. Slightly harder than the pure 

<±alk of 1, practically without indication of bedding, and because of its 
hardnea projects in a steep bench overhanging the leas chalky beds 
below. Contains nearly twice as much silicaas 1. (Seeanalysis 8. ) Occurs 
in the bench beneath the quarry and passes to the level of the river bottom 
Dear the clay pit south of the works. Outcrops also near the middle of the 
bluffs itorth of the cliffs, spreading out at the surface in the cultivated fields 
a mOe southeast of the village of White OUffs 26 

3. UMstve, very siUceouB dull-blue argillaceous chalk marl. Contains moi« 

than twice as much sand and nearly three times as much day as 2. Very 
friable; weathers in recesses beneath the siliceous chalk 8 

4. Bluish sandy, chalky marl, containing great numbers of the fossil shell 

Oryphtea vaieularu. Except for the abundant fossils this rock would be 

claned with No. 3, though it is probably slightly more nndy 7 

>. Bluish sandy, chalky marl, gradually increasing in sandiness bom the top 

downwHtd to the level of the river 36 
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The lower 30 to 35 feet of the white chalk of 1 is freshly exposed in 
the quarry. The top of the bluish-white chalk of 2 forma the bench 
beneath the quarry and occurs at the base of the bluff southeast of the 
landing. The sandy chalk members 3, 4, and 5 rise gradually north- 
ward from the lower part of the cliff and are found in the h^hland 
between Whitecliffs and Brownstown. 

One-half mile west of Dr. Coats's house, in the NW. i sec. 23, T. 
11 S., R. 29 W., bed 4 is exposed at the top of the bluff. Below it 
the following section is well shown in deep ^lies down to the level 
of the valley: 

Section of marl below the Anntma dialk. 

1. Sandy, rhalky marl. Dull bluieh when not weathered, becoming giayish 

or whitish yellow after long exposuie. CoDtainn numerous specimens of the 
large oyster Exoffyra ponderom, beaidea Ottrea larva and many other fossilfi 
rommon to the Upper Cretaceoua nuirls. The upper half of this member is 
bed 5. at the base of the cliff at Whita Cliffs leading 60 

2. Blue clay marl. Contains some large oyat«rs as above; has lesa lime and 

much more clay than 1 30 

S. Dark-blue gritty greensand marl. Contains scatt«red smooth round pebbles 

of black and white quartz an inch and less in diameter 10 

4. Blue clay marl down to the level of the bottom land, exposed 1& 

This section is about 2 miles north-northeast of the chalk cliff in 
the KW. \ sec. 35. The sandy marl bed, here about 100 feet above 
the river, is at water level at the cliff. This marl bed with the asso- 
ciated marls and chalks above, which are conformable with it, dips 
toward the southeast at the rate of about 50 feet to the mile. The 
base of the chalk at the north side of the chalk area is fully 50 feet 
above the river bottom. At the south side, a mile distant, it is at 
the level of the bottom. There may be local variations in the flip of 
the beds, but the general dip is estimated to be nearly 50 feet to the 
mile toward the southeast. 

Saline Landing area. — The chalk of the Saline Landii^ area 
extends with practically continuous exposure from the chalk bluif at 
Saline Landit^, in the S. i sec. 35, T. 11 S., R. 28 W., to see. 14, T. 
II S., R. 27 W., and is about 7 miles in length and one-third mile in 
width. (See PI. III.) 

The base of the chalk is not exposed in this area, though the lower 
sandy member outcrops in sees. 21 and 22, toward the source of Plum 
Creek, in the border of the creek bottom, within less than a mile of 
the exposure of fossiliferous blue marl outcropping on the north side 
of Plum Creek in sees. 15 and 16. The structiu^ of the rocks show.s 
that this marl beloi^ not more than 50 feet below the base of the 
chalk. 

The chalk at the top, as exposed in many places in the south side of 
the area, grades up into blue clay marl through 20 to 30 feet of 
marly chalk and chalky marl . This gradation is especially well shown 
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in the chalky barren hill slopes near the Columbus Mineral Springs 
road, in the soutli side of sec. 14, T. 11 S., R. 27 W. 

The thickness of the chalk in the southwestern part of the area is 
not known, as it« lower portion is concealed. Near the northeast 
TOmer of sec. 22, T. H S., R. 37 W., the full thickness of the purer 
chalk above the lower aandy member will not exceed 25 feet. Near 
the east side of sec. 14, T. 11 S., R. 27 W., the entire chalk bed passes 
beneath the bottom of Plum Creek. 

The divide between the sources of Plum and South Ozan creeks is 
flat, and the chalk deposits are entirely concealed beneath the soil. 
The crop of the chalk, as indicated by the structure of the rocks, 
would extend northeastward through sees. 7, S, 5, 4, and 3, in T. 1 1 S., 
R. 26 W., and into Ozan Creek bottom. (See Fl. III.) 

The chalk bluff at Saline Landing rises 20 feet above low water 
and is about 300 feet long. When visited by Taff the river was at 
flood, and less than 10 feet of the bluff was exposed, showing a white, 
massive rock, without distinct bedding planes, with the upper 5 feet 
weathered to a chalky earth. Specimens of the chalk were collected 
from the water level, which would be near the center of the bluff at 
the usual low stage of the river. Analysis shows that this chalk is 
nearly the same as the lower sandy member of the Annona chalk, and 
suggests that it is in the lower part of the chalk formation of the 
Whitecliffs area. (Compare analyses 6 and 10, p. 112.) 

The chalk has been quarried for building stone near the top of the 
formation in the northwest comer of the NE. i SW. i sec. 30, T. 11 S., 
R.27 W. Analysis 11 (p. 112) is of fresh chaik from this quarry and 
shows it to be of nearly the same composition aa that near the top of 
the chalk at White Cliffs. 

From the top of the chalk in this vicinity there is a gradual chaise 
upward through about 10 feet of marly chalk and then through nearly 
30 feet of chalk nuirl into an overlying blue-clay marl, which is 
continuotK tor 175 feet to the base of the "Saratoga" chalk member 
of the Marlbrook marl. The middle portion of this chalk is exposed 
in the large mound, surrounded by the bottom land of Plum Creek, 
in the center of the SE. i SW. J sec. 21, T. 11 S., R. 27 W., on 
J. E. Johnson's place. Here also the chalk has been quarried, giving 
freeh expcnures of the rock. Analysis of fresh chalk taken from this 
quarry is nearly the same as that from the quMry of the White Cliffs 
Cement Works. (See analysis 12, p. 1 12.) The lower sandy member 
ia freshly exposed in the head of the lai^ drain^e ditch near the 
niiddle of the west side of the SW. 1 NW. i sec. 22, T. 11 S., 
K. 27 W. (Compare analyses 6 and 14.) llie upper and purer chalk 
member is well exposed in the ditches and chalk barrens on the lower 
ridge across the SW. i NE. i sec. 22, T. 11 S., R. 27 W. 
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The ©asternioost exposure of the chalk south of Plum Creek is in 
the SE. i sec. 14, T. 11 S., R. 27 W., where the chalk barrens in the 
slopes of the hill show the upper edge of the chalk and the succeeding 
chalk and day marl for 50 feet above the creek bottom. 

"saXATOSA" CKALX IIBHBBK OF lUSLBBOOK lUXL. 

DistriJnition and character. — ^The "Saratoga" chalk lies nearly 200 
feet above the Annona chalk, above clayey beds belonging to the Marl- 
brook marl. It is also overlain by marl beds belonging to the Marl- 
brook, of which it thus forms the intermediate member. It has a 
maximum thickness of about 50 fept where complete sections have 
been found. The nature of the deposit varies only slightly from top 
to bottom and shows but little change along its outcrop from the 
vicinity of Saratoga near West Saline River, in Hempstead County, 
to Ldttle Deciper Creek near Arkadelphia, in Clark County. The 
"Saratoga" chalk member is not known in this r^on west of West 
Saline River, because of erosion and of concealment by late Tertian- 
gravel and sand in the highlands and by Pleistocene alluvium and 
silt in the lowland and river bottoms. 

General $eeHon of the "Saratoga" dutlt. 

Fast. 

1. Chalky rock continuuig upvard from 2. Becom«a more eandy thiougji im- 

perceptible grades to limy greenaand at the lop of the member. Analyeefl 
from the chalk near the central part of tfaie division ahow it h> contain 
from 40 to 50 per cent of silica 20-30 

2. Qenemlly even-textured chalky marl, vltich contains lees sand thui Hie 

higher beds. Analysis shows it to contain about 31 per cent of siliceous 
matter. The sand is perceptibly £ner and the rock is more chalky in ap- 
pearance than in other parla of the member 10-16 

3. Sandy clayey chalk, containing great numbers of the foeeil oyster Oryphtea 

vesiculariM. These fceaila are found in the marls some distance both above 
and below this member, but in no other bed of rock in this region have 
they been found in such abundance. In natural expoeures the chalk 
wealhen from about them bo that they generally almoet cover the surface 
of the ground or are Hcattered in the soil. This shell bed at the base of the 
member b very characteristic and easily recognizable. It outcrops at the 
north border of the "Saratoga" chalk member and throughout its extent. . 3-$ 

The "Saratoga" member is massive, dull bluish, sandy, and chalky. 
Exposures do not usually show distinct bedded structure, though a 
slight variation in weathered surfaces may indicate the dip of the 
rock. As the rock weathers it changes in color from dull blue to 
grayish and creamy white. Its hardness and general physical ap- 
pearance are almost identically the same as those of the lower sandy 
member of the Annona chalk. It breaks in rudely conchoidal 
flakes and crumbles at the tap of the hammer. Small pieces of the 
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fresh rock may be broken by the hand and crumbled to dust between 
the fingers, btit not without Bome difficulty. 

WashingUm area. — ^The rock section is well exposed in the Wash- 
ington ares, as illustrated in the section below : 

Section norlh of Saraloga . 

FeeJ. 

1. SuidcUl deposit of fine yellow gnnd, extending from the level of Saratoga 

down to (lie "Suatoga" chalk member, about 40 

2. "Saratoga " chalk member of Marlbrook marl exposed in brink of hill north 

and east of Saratoga and in knob one-half mile north of SaretogiL, lower 
beds of the member 20 

3. Limy blue-clay marl (Uarlbrook marl) 175 

'Expoeed around the baee of the hill at Saratoga; in the cultivated lands 
1} milee north of the town it becomes gradually more chalky downward 
from the top to its contact with the chalk marl below. 

4. Bluiah bisble chalk marl (Marlbrook marl) 20-30 

Gradation bed from the blue marl above to the purer chalk below. 

5. White Annona chalk in the Saline Landing area. 

Thick deposits of sand cap the hill at Saratoga, concealing all the 
chalk rock except the lower beds in the slopes east and northeast of 
the town. 

The lower part of the "Saratoga" chalk member outcrops in a 
cansiderable area on Mr. Jones's place in the NE. i sec. 35, SW. } 
sec. 25, and SW. i sec. 36, T. 11 S., R. 27 W. The chalky oyster- 
shell bed at the base of the member is we]l exposed north, south, and 
west of the house, which is in the NE. i NE. i sec. 35. 

Samples of the chalk taken from the top of the oyster^ell bed 
near the base of the member are not physically diSerent from the 
same bed examined at other localities in the area. The fresh rock 
is grayish white and sandy. 

The shell bed at the base of the member is exposed at the edge of 
the highland near the Columbus-Albrook road, a mile northwest of 
Columbus. The same bed is exposed alao at the crest of the highland 
a mile north of the town. The chalk marl highest in the member 
occurs in the cultivated fields between the outcrop of the shell bed 
and the town. 

From near Columbus eastward to the end of the member in the 
Washington area the whole of the "Saratoga" crops out oris covered 
only lightly by soil. Throughout this extent the basal shell bed is 
almost continuously exposed, except in the very bottoms of the 
vaU^B, and may be easily diatinguiahed through the open fields by 
the abundant shells weathering upon its surface. 

Between Columbus and the railroad north of Washington the out- 
crop of the chalky marl is not more than 30 feet thick, and usually 
10 to 20 feet of the lower part was all that was exposed. 
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The overlying greensftncl marl is more friable than the "Saratc^a" 
chalk, and its soil descends and conceals the contact between the 
two as well as the upper part of the latter. A sectloa of the "Sua- 
tog&" chalk with better exposures than are usually found occurs 
along the raihvad north of Washington. 

The north cut on the r&ilroad is in a blue clay-marl 30 to 5(i feet 
below the base of the "Saratoga. " It is 10 feet deep and about 300 
feet long. The marl in this cut, which was originally blue, is weath- 
ered to a creamy yellow to a depth of about 8 feet. It is transected 
by many joints, which pass nearly vertically across the bedding 
and continue down below the base of the cut. Along these joints, 
even below the zone of general weathering, the blue color of the marl 
is changed to yellow to a depth of several inches. The fresh marl is 
friable when dry and plastic when wet. It has a very fine texture 
and contains scarcely perceptible grit, yet analysis shows it to con- 
tain 43 per cent of silica and 6.5 per cent of clay. (See analysis 15, 
p. 113.) Nearly 40 per cent of this silica is in the form of impalpable 
sand. 

The shell bed, the base of the "Saratoga," is exposed in the field 
southwest of this railroad cut. The middle cut is one-third mile 
south of the north cut and is in the lower part of the "Saratoga" chalk 
above the oyster-shell bed. This cut is 300 feet long and but a 
few feet deep, exposing an estimated thickness of 15 feet of rock. 
The structure of the rock indicates a low inclination toward the 
south, but is not sufficiently clear to determine the de^ee of dip. 
Ditches above the south end of the cut expose about 25 feet of chalk 
marl above that at the railroad, making the whole section of rock 
exposed at this place nearly 40 feet. Very little change in the 
nature of the rock could be noted. The fresh chalk rock near the 
center of the middle cut, from the lower and more chalky part of the 
member, contains less than one-half the amount of silica found in 
the blue marl 40 feet below, though in physical appearance it is more 
sandy. (See analysis 16, p. 113.) 

One-half mile south of the middle cut and a few hundred feet north 
of the south cut the top of the "Saratoga" is exposed in a ditch at 
the railroad. The s&ndv marl m this exposure is but little above the 
chalky marl at the top of the exposure opposite the middle cut. It 
is massive, dull blue, and very sandy, approaching a sandstone in 
composition. 

The south cut, which is about 2 miles north of the town of Wash- 
ington, is in the lower part of the greensand marl which overlies the 
"Saratoga." This cut is about 30 feet deep and about 300 feet long. 
From the surface downward about 20 feet the greensand is weathered 
from dark blue or greenish blue to shades of dull brownish yellow. 
Unaltered marl was collected from near the base of the cut (analysis 
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17, p. 113). It 18 very sandy, containing 75.77 per cent of silica and 
5.72 per cent of Kme. Similar greenaand marl, estimated to be more 
than 100 feet thick, occurs between this cut and Washington. 

From the railroad eastward to the end of the member in this area, 
in sec. 29, T. 10 S., R. 24 W., the "Saratoga" chalk crops in en irregu- 
lar belt one-half to three-fourths mile wide, making an intermediate 
upland, mailed by projecting ridges and spurs, between the high tim- 
bered greeosand country on the south and the flat black land of the 
clay marls bordering Ozan Creek bottom on the north. 

Otolona area. — Okolona area is is the southwestern part of Clark 
County, south and east of Okolona, between the bottom lands of 
Antoine and Terre Noire creeks. 

lite "Saratoga" chalk at the crest of the ridge south of Okolona 
is 50 to 150 feet above the lowt&nd to the west and south. The crest 
of this ridge slopes southward with the dip of the rock, which is 
nearly 50 feet per mile. 

Bast of Okolona the chalky marl forms a triangular area of rolling 
upland about 3 square miles in extent. 

The stream which rises in the southwest part of the town and flows 
etnitheastward past the railroad station separates the area south of the 
town from that east- of it. It is probable that these two areas are 
connected by narrow bands of outcropping marl which extend down 
the sides of the valley about 2 miles southeast of the village. 

The "Saratoga" chalk is exposed near the crest of the escarpment 
north of the Okolona-Dobyville road, from the east side of sec. 30, 
T. 8 S., R. 21 W., to the edge of the Terre Noire bottom, U nules 
east of Dobyville. 

The marl near the middle of the " Saratoga " member is well exiwsed 
toward the top of the ridge at the forks of the road, 1 J miles south of 
Okolona. In physical appearance this rock is the same as that at the 
middle of the member in the vicinity of Washington. It ia massive 
and dull blue on fresh exposure and weathers to shades of drab or 
light yellow. It contains nearly 43 per cent of silica and 49 per cent 
of calcium carbonate. (See analysis 19, p. 113.) 

Two and one-half miles south of Okolona and one-fourth mile 
west of the road, on the Mat Hardin place, deep guUies expose the 
lower 20 feet of the "Saratoga" member as well as the blue marl 
below. The Qryphxa vesieulans zone is well marked, but the fossils 
are a little less abundant than in the Washington area, 20 miles 
farther west. In the lower 10 feet of the member the chalk-nuri is 
finer in texture and more chalky than in the higher beds. The 
olica is nearly 10 per cent less than in the marl near the middle of 
the member. (See analyus 21, p. 113.) 

Numerous other exposures of the lower part of the member occur 
in the gullies and slopes of the hill on the west side of the ridge, where 
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the land was oace cultivated. The top of the "Saratoga" member 
passes beneath the bottom land of Little Missouri lUver, about 3 
miles south of Okolona. 

Five miles south of Okolona the greeosand marl above the "Sara^ 
toga" chalk member forms the bluffs from the level of the little 
Missouri bottom up to the top of the ridge. 

About 20 feet of the middle portion of the member is exposed in 
the Okolona-Garden road a mile east of Okolona. 

In the high rolling country east of Okolona the " Saratt^a" member 
is generally concealed beneath its own soil or beneath sand of Neo- 
cene age. 

The lower beds of the chalk outcrop in the OkolonarDobyville road, 
2 miles west of Dobyville, and at several other places in the top of the 
escarpment between Okolona and Dobyville. 

One-fourth of a mile north of Joseph Doby's house, at Dobyville, 
the full section of the "Saratoga" member is exposed in an old field. 

The following section shows the character of the "Saratc^a" mem- 
ber at Dobyville : 

Section at DobifvUU. 

1. Gmvel, reddiih and yellow stratified cUya 20 

2. Blue marl 15 

3. Dull-bluish chalky marl. Slightly induiated at the top. ConUina numer- 

ous caetB of bivalve shells aod gastropods. Calcareous sandstone at the top 
becoming mora chalky downward until the lower part of the chalfay marl 
is found to be (he same aa that occurring south of Okolona and in ^le Wash- 
ington ana 35 

4. Even-textured chalk-marl wiQi Oryphaai vaicularu ahellB at the base. Con- 

tains more chalk than the beds above and has finer t«xtura. In placen, 
also, very fine particles of greensand were noted disBeminated through the 

6. Fine-t«xtui«d blue clay marl; the upper part of the 150 to 200 feet of blue 
marl (lower part of Marlbrook marl), which lies between theAonona chalk 
and the "Saratoga" chalk member. 

From the vicinity of Okolona eastward, the outcrop of the "Sara- 
toga" member descends gradually from the brink of the escarpment 
to the level of the river bottom, nearly 2 miles east of Dobyville. 

Dedper area. — The next known occurrence of the "Saratoga" 
chalk member east of Okolona is on Big Deciper and Little Deciper 
creeks, 3 to 5 miles west of Arkadelphia. 

The occurrence of the "Saratoga" chalk on the Deciper creeks is 
confined to outcrops in the middle and tower slopes of the valley near 
the Aikadelphio-Dobyville and Arkadelphia-HoUywood roads. (See 
PI. III.) 

Near the center of sec. 28, T. 7 S., R. 20 W., on the Bozeman place, 
one-third mile northeast of the house, about 30 ^t of the "Saratt^a" 
member is exposed, as follows: 
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Sa*ion of ^"Saratoga" dialt at At Bozeman pkue. 

I. Sandy soil to the top of the ridge. ireet. 

2:. Chitlky mul, more nuidy tium 3. The sandy elemeut in this m&d increaaee 

in quuttity upward 10-15 

3. Evan-textured blue cht3k marl. Contains a eprinkling of fine greensand. 
The nine in all reepecte aa the lower 15 feet of the member at Dobyvilte 
and Obilona. Contains about 30 per cent of sand and 61 per cent of chalk. 
(See analysis 24, p. 113) 15 

i. Grypluta nencuAiru Eone, shell marl. Limits not sharply marked. Through 
I to 2 feet of the marl at the base the shells are abundant, and in it is a thin 
layer of sheila indurated by calcareous matrix 1-2 

5. The blue marl from the Orjipftjea voteuitrw zone downward; exposed 15 

At one place one-fifth mile northeast and at another 500 feet east 
of the Bozeman house the chalky marls occur higher in the member 
and are still more sandy than that of No. 2 in the section. These 
outcrops are in the heads of narrow gulches which descend to the 
Deciper Valley. At the locahty 500 feet east of the house the 
marl is very sandy, partly indurated, and contains numerous casts 
of fossils similar to those found near the top of the member at Doby- 
ville. The exposures are just below the springs which flow from the 
base of the stratified yellow sands and blue clays. They show about 
10 feet of marl overlain by about 10 feet of interstratified sand and 
clay, followed by ui overwashed yellow sandy soil to the top of the 
hill, 40 feet above. 

One-fourth mile southeast of Mount Bethel Church, near the north- 
cast comer of sec. 33, T. 7 S., R. 20 W., beds similar to those east of 
the Bozeman house are exposed. A spring issues from the contact 
between the chalk-marl and the overlying sand and blue clay. The 
top of the marl is 70 feet below the crest of the hill. 

The chalky sand of the upper part of the "Saratoga" member is 
exposed on the Arkadelpbia-Obolona road, on the west bank of Big 
Deciper Creek, near the middle of sec. 34, T. 7 S., R. 20 W., as well 
aa in the bluff of the creek near by. The top of the sandy marl, which 
stands here 20 feet above the creek, contains casts of fossils as at the 
fiozeman place, and is overlain also by the same kind of interstratified 
sand and clay. 

Twenty feet of the even-textured lower and more chalky division 
of the "Saratoga" member is exposed in the road cut on the Arka- 
delphiaOkolona road, 100 yards west of little Deciper Creek. 

Sand and clay conceal the higher beds of the member. The Chy- 
pfiaa vesictdaria zone, with underlying blue marl, outcrops a few feet 
above the creek bottom. 

One-half mile above the road, on the Wr^;ht place, the lower 30 feet 
of the " Saratoga " member is exposed in the gullies at the west side of 
the creek bottom. The tower 10 to 15 feet of the marl is identically 
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the same as that found at the road and on the Bozemaa place west of 
Big Deciper Creek. (See analysis 26, p. 113.) The basal division of 
the member, containing the same indurated shell bed, outcrops about 
10 feet above the creek bottom; below it is the blue msrl. Yellow 
sandy clays overiie the chalky mari here, as in the exposures noted 
on Big Deciper Creek. 

At the east side of the creek bottom, on the ArkadelphiarOkolona 
road, and northward through the Haskins place, the tower part of 
the "Saratoga" member ia exposed in guUiea in an abandoned field. 



The following table gives analyses by chemists of the United States 
Geological Survey of chalk and chalk marl from the Cretaceous beds 
of southwestern Arkansas : 

Analyu» of cAott and chalk marljwtn touiltwaUr* Artmuiu. 




i.n S.tO 1.22 l.M t.<x 



ss.« «s.e< n.*i «.« 



a " tiMolubIs " iMen tolnsolnble Id BCL Tbe otbtr oolumua refir to ths lotnble portknu oalf. 

Rocky Comlort ma: 

1. BW. i BW. t ato. 3^ T. 11 S., R. SI W., 3 mflM natfamM ol Bttckr ComtEtft. WMM oh^ neu 

ttw middle of tha Aonaiu duik . 

2. NE. ( NE. 1 aKG. no, T. II S., R. 31 W., 1 mDn weM at Rack* Gomlgrt. Tbt^ dwlkr mwl Ibuik- 

d^y below the wblle olulk. 

3. Rocky ComibTt, little River County, Aik dmi mrllMMt oaniBrof NK. ( iM. », T. IZ 8., R. 32 W., 

from loirei middle part ol the Annona cnelk. 
I. Baina locality US, IntiB the knnr part of tbeAnaonacAalk. 
WMleCIMiaiM: 

i. NE.l NE. t Mc 36, T. II H., R, 2B W., lopol the Imrec mnAj mwl bed beneath tbe wUiacAilk. 

S. CtuiibluO.WblteCUtlaLaiidlaf, near tbe mUdleirf the bluff In Die lower put of the idittedialk. 

7. Cbilkbhifl.WbltecuaiL^iidliiF, IS ket above the base a( the puRT whit* ehaa. 

B. Oialkbhifl.WhlteCliffsLuidliig. White cfaelk 10 IMt below the top of the did. 

t. Cement woitot. White CtUIi '^■"l"g Aveiageottbe lower 36 hetof tbe puiar wfatte dialk Id tbe 

quarry at tbe oement woAs. 



Mud. 



Howard County, Ark., aec 36, T. ll 

of NE. i 8W. i KC. 30, T. II a, R. 

Iialk. 

the SE. i 3W. i tee. 21, T. II 8,, R. 

N. IE- E. from Barat 



., R. 23 W., bmi the middle of tta* i±eU 



nohalk. 
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Analytet o/chall and ehait marl from, tmithwetttm Arhanaat — Continued. 
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shtrwton, A_ 

aiataot" dulk nHmber of If ailhnnk mail. 
OD iRB nllrood. abc ' "' 

_ .. .."w part of tliB ''Ban 

17. Boiitli cnt on the raUrnod, about 2 miles north ot Waihlngton, Ark., bom the g 



bitbeto 



d 40 IBM below 
near ol the cut 



IS. 8E. i sec. 3S, T. 10 B., R. IS W., bead ot Morlwtt ditch. Iiom bluish chalkr mari, about 150 DM 

below tiie''Saiaton" chalk memlwaf Mailbraak mail, 
□koknmwm: 

19. Forksofnad, llmilcaMutb of ObHona, Ark., from middle of "aBntogB"ahalk mBmbar<tfl(ail- 

bnok marl. 
2D. BS.Itiieo.4,T. SB., R. 32 W., about t mile SDottawaetotOkokHia. from niid7 mail bad at ban 

ot {he AniuHia chalk. 
IL 2} ollMJDath^Olralm^rattMUat. Hardin plaoe, (tom tbe lower U fSet of the "Saiatoca" 



k member of Uaribrook auai. 

I. Same kKaUtr as 21. * ' ' 

- "" ■ -C.4,T,-" 



9B.,R. 22W: 



ir ISlai 



Dechmai 



v.. aboat 1) miles south ol Okolona, vrllowlsli cbalkv marl about mid- 
dndk aDd^'Saratotta" (dialk member of Uatfbmok marl. 

S., R. 20 W„ 



.. _ .._. ...... _.Je northeast of the house, bi the NW. ( aeo. 28, T. 7 

fmoi tita Mulsh chalk; marl 4 feel bflow thf Iwiooflbp "SantoEs'' chalk mcmb 
IB. same locallt]' aa 24, tram "Saialoca" cb^k mambw 10 IMt above the T<ve. 
!0l UtUe DerlperCiMk at Okolona-Arkadelphia road, from "Saratoga" chalk member Klwut 10 leit 



TEBTIABT AND CABBONIFEROTJS CX^TS AND SHALES. 

The information below oa clays is from a publication on cement 
materials of Bouthwest Arkansas, by Dr. Branner. (See p. 116.) 

None of the surface clays found in the immediate vicinity of the 
chalk deposits can be depended upon. They are, as a rule, too sandy, 
and are not of uniform composition. Reference is here made espe- 
cially to the sandy clays overlapping the chalk beds to the north and 
east of Rocky Comfort, to the days of the bottom Hands south and 
west of WhitecliSs, and to those south, north, and west of the chalk 
exposures at Saline Landing. Fortunately the Tertiary rocks which 
overlap the Cretaceous to the south and east contain an abundance of 
excellent clays, some of which are utilized for the manufacture of 
pottery at Benton and Malvern (Ferla switch). Many other deposits 
occur on and near the railway about Arkadelphia, Malvern, between 
Malvern and Benton, between Benton and Bryuit, at Olsens switch, 
and at M&belvale. At Little Rock extensive beds of both clays and 
clay shales exist, and beds of shale may be found along the line of the 
Little Rock and Fort Smith road to Fort Smith and beyond. 
48834'— Bull. 522—13 8 
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AH the Tertiary claya at Benton, Bryant, Olaens switch, Mabelvale, 
and Little Rock lie nearly horizontal, dipping gently toward the south- 
east. In many places they can be had by stripping off a few feet of 
post-Tertiary gravel and soil; but in other places the covering is too 
thick, and the clays can be obtained only by a system of drifts. 

On account of the geographic relations to the chalk beds, only clays 
convenient to railway transportation along the St. Louis, Iron Moun- 
tain & Southern Railway southwest of Little Rock need be here dis- 
cussed. Should a factory be locatedwest of Little Rock, the Car- 
boniferous clay shales would have to be used. Of these there is no 
lack between Little Rock and Fort Smith. 

At Little Rock two general classes of clays are available for cement 
manufacture: (1) The Tertiary clays that occur in horizontal beds 
in the southern and southwestern part of the city; and (2) the Car- 
boniferous clay shales exposed in the railway cuts along the south 
bank of Arkansas River, in the cuts west of the town, and in others 
west of Argenta. Other clays about Little Rock and Argenta, such 
SB the chocolate-colored clays along the margins of the river bottoms 
and the pinkish clays forming the high river terraces and used for 
making bricks on the north side of the river, are not available for 
cement manufacture, partly because they are too sandy but also 
because they are not homogeneous. The pink clay of Ai^enta con- 
tains more than 83 per cent of silica. 

The Carboniferous clay shales are well exposed in the railway cut 
near the upper bridge, and where the electric power house stands. 
Similar shales may be found here and there over a lai^e part of Pulaski 
County, within the Carboniferous area. 

The following analyses of representative samples show the com- 
position of the clays. Where the percentage of sand is given the 
analyses represent washed clay. 

Analyies of shales and Hayx from Arkamai. 
CarboBUaroni ibtlti. 
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1. Clar atul« from nllnnd out Bttouthmd of upper bfldn, Little Rock. 

3. DeoiTed shale fnim IroD UountAln nilrowl FutatrTonineaf Uount Ida road. Llttla Rook 

3. CIbt ibala Irani NIner HUl, Ton Smith. 

4. Fnim Harding & Boocbar's quarry, Fort Smith. 

G. C\aj ghale from Round Hountaln, White CouotT, nc B. T. S N., R. 10 W. 
0. From ClBrksvUla,«ast of college. 

7. From BE. J BW. I wc. 81, T. 10 K., R. 23 W. 

8. TiomNW. InclS, T. IN., R. IIW. 
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Atudyta of thaki and doytfrtm Arhmia* — Coniliiund. 
TartUiy dkr*- 



suhataio,}, 

AlumiiiB(Al,0>).. 
InuoiklrfFiliOi). 

l.ijne(QlO) 

M«D«h(itsO)... 

SoS^INmO) 

Pa>a^(K,0) 

Titule acid ;:;'.'.'.: 



t,3» E.W 1.07 



Aliiiiiinl(JW>ii.... 
IntoDitde(PeiO)).. 

LiDM(CkO) 

lluiMSb(M^).... 

Sa&jNaA) 

PooditKiO) 

WUbt 

THukiacbl 



1. Bntoi, Hlck'i bed, sec. 12, T. i S.. R. 15 W. 

:. BeDUo, RodsnbMi^, sec. 12, T. 2 S., R. IS W. 

3. Bsnlm, HcfTick ftlavl9's bank. 

i. BcDtan, Hauhncni'iplt, upper b«d. 

i. Malnlnle, A. W. Norrls's ««U. 

& Obeo'siirlMli, "tulkr'i cbf." 

7. "FuUer'i«iiitb."Al«xuu]cr, SW. ISR. Isoc. 8, T. la., R. I3W. 

S. BcnUii, WoobeT'idsr. 

9. BUEwoiid, BW. 1 NE. J no. is, T. 1 N., S. la W. 
10. D«(itan. Bamtfi potur;. 
U. CI«r(roni«ec.<,T. SS^, R. IS W. 
12. CbyfromMcS, T. SSm R. IS W. 
B. Ctar'nimS. )HW. 13, T.SB., R. U W. 

14. John Fole7'>, KE. t SE. I tec 18, T. 13 8., R. 24 W. 

15. CUmu pattity, W. I BE. 1 aec 5, T. IS 8., R. 2S W. 
IS. AldHsoD's, NE.JNE. Inc. H, T. 4e.,R. IT W. 
17. Ka/Ain. sec. 34, T. 1 N., R. 12 W. Tarpley's. 

FOBTLAim OBMZHT □ISUSTB.T IN ABKAN8AS. 

In 1895 a Portland cement plant was erected at WhitecUfFs Landing, 
on Ijittle River, in southwestern Arkansas. This plant was deseed 
to use the Cretaceous chalk, which occurs in abundance at that 
locality (pp. 103-104), mixed with clay dredged from the river-bottom 
land. From such data aa are now available it seems probable that 
the use of a better clay would have helped the plant over some of its 
earlier difhculties. 

In the original plant four Johnson kilns were erected, and of course 
a wet process was followed. Between technical difficulties and 
litigation the company had a rather checkered existence. Periods of 
idleness have alternated with reoi^anizations, and for several years 
the plant has been inactive. 
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PORTIiAXD CEMENT RESOURCES OF CAUFORN] 

POBTUIND OBMSNT MATERIALS. 

QBNEKAL FBATUBES. 

Few extensive beds of limestone are found in California,, 
numerous comparatively Bmall areas occur, and many of these 
nish rock suitable for use as a Fortlaad ceratent material. 

Detailed mapping of California geology has been so Gagmen: 
that few generalizations can be drawn regarding the distributia 
limestones low in magnesia and otherwise suitable for use as F 
land cement materials. The areas in which limestones are km 
to occur are indicated on Plate IV, but it is practically certain 1 
not all of the areas shown will yield material fit for Portland cemi 
on the other hand deposits of good material probably exist wt 
do not appear on the map. 

In the following paragraphs data are presented concerning so 
of the better-known areas of Umestone. These are not neceesai 
the more important, but are simply those concerning which infon 
tion is available as to the composition of the rock. When not otli 
wise credited most of the data in this section have been summarii 
from reports of the State mineralogist of CaUfomia. J. S. Diller, 
the United States Geological Survey, has furnished all of the di 
for the Redding district and has located the deposits on the map. 

As a matter of convenience descriptions of the limestones a 
arranged under county headings. 

SAN DIKGO COUNTY. 

Fine-grained chalklike limestone occurs near the Pacific coast i 
Jamul, San Diego County, where it was used about 20 years ago i 
a small Portland cement plant. This enterprise never attained an 
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great importance, and for a number of years has been out of exist- 
ence. The composition of the limestone used was as follows : 

Anabftit o/lratttlorufiom San Diego County, Cal.' 

Silica (SiO,) 1.86 

AJumiiui {AJ,0^ 1-10 

lime cartKmftto (CftCO,) 94.28 

Uigneriiun cuboDftto (MgCO,) 1. 10 

Alk»liM (K,0, Nft,0) ^. 1.15 

OBANSE COUNTT. 

In Orange County a shell limestone is exposed at San Fernando and 
00 the mesa at different places, both 'toward Orange, where there is a 
Ui^ exposure at the Los Alisos ranch, and toward San Juan. 

Analytr* o/ihell limatont from Orange OtMnty, Cal.' 



■ 


1 


. 









































a Elcblh Ann. Rtpt. raUIoTDlaRUlr HlDcnloitlll, l>R8, p. tSl>. 
LOS ANGELES COUNTT. 

On the flat land at the edge of the foothills near Mission San Fer 
nando, Los Angeles Ootmty, a shell limestone of the following compo- 
sition occurs in extensiTe deposits: 

Anab/tU of limttUmt front Lot Angeitt County, Oil. 

8ilic»(SiO,) 19.72 

Alumina (A1,0,) , 

Iron oxide (Fe,0,) J ^■^' 

lime carboMte (CaCO,) 72.68 

Hognedum caibonAte (UgCO,) 1-05 

Alkalies (K,0, Na^) 67 

Sulphur trioxide (SO,) Tnwe. 

Wuer 1.76 

KERN cotrurr. 

Extensive deposits of limestone occur in Kem County at Tehachapi 
and vicinity. These have been largely used for biuning into lime and 
for many years have furnished the bulk of the building lime supply of 
Ofdifomia. More recently attention has been directed to the possi- 



1. Rapt. cuibnU stale lUocniaKiit, uao, p. Mt. 
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bility of utilizing these deposits as Portland cement materials, and 
several cement projects have been based on them. The limestone is 
highly ctystalline and satisfactory enough in chemical composition. 

SAN BENITO CODNTT. 

The following partial analyses are of very pure limestones occurring 
west of Hollister in San Benito County.' No other information is 
available concerning them. Recently, however, a Portland cement 
plant has been projected at Crittenden in San Benito County. 





Analyu* of limetUme from San Benito CourUy, Cal. 
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SANTA CBUZ COUNTY, 

Extensive deposits of limestone occur near the coast in the vicinity 
of Santa Cruz. These deposits are accompanied by shale and clay of 
good composition for cement uses, as can be seen from the following 
analj'Bes:' 

AwdyMt o/ e^ment malmaltfrmn Santa Cnu County, Col. 



Blllcs(8IOi) 

AIamliiB<A!|0|).... 
Inm oxide (7«i0i)... 

Llma<CS01 . 

lUsiKslaftbO) 

AlUks iKfi, MaaO; 
CuboD dbxlde (COi 



Other analyses, together with further details concerning the lime- 
stones and clays at Davenport, iA this county, are given on pages 
122-123. 

SOLANO AND CONTRA COSTA COUNTIES. 

Very ^ctenaive beds of travertine are exposed from Vallejo to 
Goodyears, Solano County, trnd from Mount Diablo to Pinole, Contra 
Costa County. They are now utilized as Portland cement materials 
at Cowell, Contra Costa County, and at Suisim, Solano Coimty. 

The following analyses * of travertines have been obtained from 
published reports. Other analyses will be found on page 121. 
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CALIFOBinA. 
AndhfH* of trttMrtme /ram Solana and Contra Cotta eotmtiti. Cat. 



81Ua(S10d 

AluinlDl(AlfOi) 

InaoiUttFiiii) 

UmXCaOt. 

AOulta (Ki^Na^V.V.l 
eulphUT trtadde (SOi). . 
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1, 3, a. CoDtn Coala CouDtj. bMiraen HouDl Dlabhi u>d Plnolt. 

1, Bmlcti, Boluia County. 

i. Pot Cnu, Contn Costa Conntr. 

SONOMA COUNTT. 

Limestone is quarried in Sonoma County 6 miles northeast of 
Geyserville, on Little Sulphur Creek. The rock is described ' as a 
"hard, compact, drab-colored limestone, with pure white schist of 
microcrystaUine limestone throughout the mass." An analysis 
follows : 

Analfitit of limettone Jrom Sontana County, Cal. 

Silica (SiO,) 1. 27 

Alumina and iron oiide (Al,0,+Fe^,) 23 

Hai^neae oxide (MgO) 18 

Lime carbonate (OaCO,) 95. 20 

Uagneriuin carbonate (MgCO,) 1. 32 

Uoiatnie, etc... I. 60 



From its analysis this limestone would be satisfactory enough as 
a cement material, but from the remainder of the description quoted 
from above the entire deposit can not be very large. 

SHASTA COUNTY. 

The limestones occurring in the Redding district of Shasta County 
are described as follows by J. S. Diller ': 

Uore limeatone occurs in the copper n^n of Shasta County, Cal. , tlian in an equal 
uea of any other part of the St&t«. A thick limestone of Triaasic age occurs along 
the lUge road east of Fumaceville, and subordinate nuuaes crop out around the 
upper slope of Bear Mountain, a few miles northwest of Sherman, but the principal 
mass of this belt forms Brock Mountain, on Squaw Creek, and may be traced for many 
miles to the ntHth. This limestone is full of fossils and is especially noted f<a the 
lo^ lixard-like animals it contains. It is geaemlly pure and at Brock Mountain 
is used for flux in the Bully Hill smelter. 

A belt of mcne prominent limestone ridges and peaks extends from near Lilienthals 
north by Giay Rock, the Fishery, and Hirz Mountain, along the McCloud for many 
miles. The limestone where beat developed is over 1 ,000 feet thick, and until recently 
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hoa been uaed for flux at Bully Hill. It in rut by numerous irregular dikes of igneoun 
rock, which locally interfere with quarrying. If the projected branch railroad up 
Pit River is ever built, it would pass uear this great limestone. [This branch railroad, 
the Sacramento Valley & Eaetem, now extends up Kt River to Bully Hill.— E. F. B.J 
A third belt of limestone occurs near Kennett, within a few milea of the railroad, 
and fumiehee not only flux for the Mountain Copper Co. at the Keswick smelter, but 
also lime, which is burned at Kennett and shipped to many points on the Southern 
Pacific Railroad. This limestone b of Devonian age and consequently much older 
than the others. Although the limestone is not nearly as large as the others and 
isolated on ridge crests by igneous rocks, it is more valuable because more acceaeible. 
Smaller masses occur near Horsetown and at several pointe on the plain northeast of 
Buckeye, where lime has be«>n burned, but since tlie Kennett locality has been opened 
they are of little importance. 

Below are given partial analyses of three of the limestones above 
described by Mr. Diller: 
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PORTLAND CEUBNT IHDITSTItT IN CAUFOIUnA. 

UntU 1903 only one Portland cement plant had succeeded in estab- 
lishing itself in California. This was the California Portland Cement 
Co., at ColtoD, San Bernardino County. In couBequence of this 
slight development of a local industry, California was until quite 
recently supplied largely with foreign Portland cement, alwa^ high 
priced and frequently of poor quality. During 1903, however, two 
additional plants went into operation near San Francisco; and 
within the last 5 years 5 other Portland cement plants have been 
completed, and the prospects seem good for further expansion during 
the next period of business activity. At present California ranks 
third among the States as a cement producer, the annual output of 
the State being considerably in excess of 7,000,000 barrels, or more 
than 1 barrel per capita of tributary population. Pacific coast 
plants now produce more cement per capita than the average of the 
United States, and though this fact does not prove that the maximum 
expansion on the coast has yet been reached, it does indicate a pos- 
sible maximum of further expansion for the domestic trade. 

The fuel question is also of pressing interest. Owing to the lack 
of good native coals and the abundant supply of petroleum, oil is 
burned at all the plants. So long as this is produced freely enough 
to be sold at reasonable prices, it will be possible to use it economi- 

Goiwlc 



CALIFORNIA. 



121 



cally in cement burning. A decrease in the supply from the oil 
Seldfi, however, would be a serious matter to capital invested in ihe 
Califomia cement industry. 

At present eight Portland cement companies are operating in 
California, as follows: The Pacific Portland Cement Co., at Cement, 
near Suiaan; the Califomia Portland Cement Co., at Colton; the 
Cowell Portland Cement Co., at Cowell; the Santa Cruz Portland 
Cement Co., at Davenport; the Standard Portland Cement Co., at 
Napa Junction; the Riverside Portland Cement Co., at Eiveraide; 
the Golden State Portland Cement Co., at Oro Grande; and the mill 
of the Los Angeles aqueduct at Monolith. 

The plant of the Pacific Portland Cement Co., at Cement, about 
6 miles east of Suisun, Solano County, uses travertine and clay. 
The travertine, a very pure lime carbonate deposited from surface 
waters carrying it in solution, is extensively exposed in the immediate 
vicinity of the cement plant. Bakersfield oil is used for fuel, and 
the plant is run by electric power from MarysviUe. Analyses of the 
raw materials and of the finished cement, which is marketed as 
"Golden Gate" brand, follow: 

Anaijitu of travertine, dag, and eemmt, Smtvn, Cbl- 
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The Standard Portland Cement Co. plant is at Napa Junction, 
Napa County. The raw material, which is obtained from a compara- 
tively small area of limestone in the neighborhood, consists of two 
grades of rock — one a relatively pure limestone carrying from 85 
to 90 per cent of lime carbonate, the other a much more clayey lime- 
stone cairying from 60 to 65 per cent of lime carbonate. So far as 
chemical composition is concerned, the materials used are closely 
similar to those used in the Lehigh district of Pennsylvania and in 
Warren County, N. J.; but the Califomia limestones are much softer 
than those of the Lehigh district. The quarry contains beds of still 
more clayey composition, and deposits of adobe clay overlie the rock 
in places. Analyses of the two grades of limestone used at this 
plant are presented in the following taUe: 
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AnalffU* o/rmo materiait v*tdfor eement at Napa /unction, Gal. 
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The plant of the California Portland Cement Co. at Colton, San 
Bernardino County, uses clay and a pure and very highly cryBtalline 
limestone or mu-ble obtained from a ridge in rear of the plant. The 
limestone ranges from 90 to 98 per cent or more in lime carbonate. 

The Cowell Portland Cement Co. plant at Covdl, at the foot of 
Mount Diablo near Concord, Contra Coata County, uaea travertine 
from a deposit covering several hundred acres and shaly clay 
aasociated with the tr&vertine. A more recent adobe clay also occurs 
near the plant. The following analyses by Dr. Percy Hobba show 
the composition of these materials: 

Analffta of travertine, Cowetl, Cat. 
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The mill of the Santa Cniz Portland Cement Co. at Davenport, 
a few miles north of Santa Cruz, uses shale and a very pure and 
highly crystalline limestone. The shale is really diatomaceousj which 
accounts for the high silica percentage and for the fact that with such 
a high silica percentage it is still possible to use it as a cement mate- 
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rial. Tbe following tables contain analyses by L. T. Bacbman of the 
limestone and shale, as well as of clinker and cement made at the 
plant several years ago : 

Anaiyia of limetlone, Davenport, Cat. 
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The Riyei^ide Portland Cement Co. operates a plant at Biverside, 
using a mixture of limestone and clay. Since 1910 the city of Los 
Angeles has owned and operated & Portland cement plant in connec- 
tion with the building of the Los Angeles aqueduct.* It is located 
at Monolith, on the main line of the Southern Pacific Railway, about 
midway of the length of the aqueduct. Three depoaita of limestone 
are owned by the city within 3 to 6 miles of the mill; one of them, cov- 
ering a tract of 120 acres, 6 miles from the mill, has been opened by a 
quany on a hillside about SOO feet above the valley. The atone is 
delivered to a storage bin at the base of the hill by an aerial tramway 
4,700 feet long, and is carried to the cement mill by a 3-foot gage 
railroad. Clay is dredged from a broad depression partly filled by a 
small lake and is delivered to the mill by an aerial tramway 5,800 feet 
long. Oil is used for kiln fuel. 

The Golden State Portland Cement Co. operates a plant at Oro 
Grande, using a mixture of limestone, clay, and shale. This plant 
reportml its first commercial output in 191 1 . 
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PORTLAND CEMENT RESOURCES OF COLORADO. 
POBTZ.Ain) CEMENT UATBEXALB. 

DISTRIBUTION. 

The limestones of Colorado available for use as cement materials 
may conveniently be divided on a geographical basis into two groups. 
The first of these groups includes the limestones, mostly of Cretaceous 
age, which occur in the plains region of the eastern half of the State 
and in a narrow belt immediately east of the Front Range. The 
second group includes the limestones, mostly Carboniferous, which 
lie west of the Front Range. The two groups differ not only in 
geologic age but, owing to their geographic position, in their com- 
mercial possibilities. At present it seems probable that the Cre- 
taceous limestones are of greater industrial importance for cement 
manufacturing than the Carboniferous rock. 

LIMESTONES EAST OF THE FBONT RANGE. 

The one hundred and fifth meridian through most of its extent in 
Colorado coincides closely with the dividing line between the Cre- 
taceous rocks of eastern Colorado and the older formations of the 
central and western parts of the State. East of the Front Range 
the rocks are mostly of Cretaceous or younger age. They consist 
chiefly of shales and sandstones but include two limestone forma- 
tions — the Niobrara and the Greenhorn — of great importance for 
cement making. 

The Niobrara, which is by far the more important ia both thickness 
and areal extent, outcrops as a narrow but fairly continuous belt just 
east of the Front Range, passing through Fort Collins, just west of 
Denver, down to Colorado Springs. At Colorado Springs this narrow 
belt joins a much more extensive area of Niobrara limestone which 
occupies much of Pueblo, Otero, Huerfano, Las Animas, Bent, 
Prowers, Kiowa, and Cheyenne counties. The distribution of the 
limestone iu this area is described by Darton.' 
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No good aDBlysee of Niobrara limestone from southeastern Colorado 
are available, but from experience gained during attempts to manu- 
facture cement in Colorado from this limestone, it is probably safe 
to say that the Niobrara limestone is for the most part low enough 
in magnesia to be satisfactory. Through much of its extent its chief 
defect is lack of lime rather than excess of magnesia. 

Concerning the Niobrara limestone in the narrow belt lying just 
east of the Front Range, a recent paper by O. C. Martin ' supplies 
very complete data. The following quotations cover the sections of 
greatest interest to cement manufacturers: 

The Niobrara limeBlone is one of the formatloiiti which outcrops in the foothills &nd 
IB the hi^est Mid eutemmoet one that contributes ementially to the typical foothills 
topognphy. It consequently outcrops as a long, narrow belt parallel to the mouDtains 
■nd to the other ridges of the foothills. Thepositionof this belt is in general from 2 to 
3 milee east of the mountains, approaching nearer to them or extending fiirther out 
toward the plains, according as the dip is steep or gentle. The basal member of the 
Niobnua usually consiBts of thick and massive limestone and makes a very distinct 
ridge, but where this member is thinner or less massive the ridge disappears. The 
dip is in general noticeably steeper in the basal bed, which lies nearest the mountains, 
tnd flattens poveptibly towaid the east. The width of this belt is between on&«i^th 
uid one-half mile, varying with the amount of dip, as the thickneas of the formation 
remains fairly constant. 

"nie Niobrara is essentially a limestone formation, although calcareous shales make 
up a cooaiderable part of it. The Ihicknees is about 400 feet. The basal member is a 
masrive white to gray limestone, whose thickness ranges from 10 to 20 feet. This bed, 
wtiich rats with apparent confonnity on the top member of the Benton (Carlile shale), 
ia apparently perflistent, having been seen through practically the entire length of the 
ngion studied. It ia succeeded by shaly limeetones and calcareous shales, the former 
predominating and the calcareous nature of all the beds being persistent. These beds 
vary somewhat in character along the strike, fairiy massive limestones being devel- 
oped at seveial places. These more massive limestone beds are i^parentty present at 
several horizons but predominate toward the middle of the formation. 

The Niobrara limestone has already been described as occurring in a narrow north- 
south belt along a line of low ridges just east of the main foothills. It dips eastward 
under the plains at angles of 24° to 70°abDg the western edge. Most of these dipsare 
BO Steep that within short distances they cany the limestone too deep to be quarried 
cheaply; consequently it is only where the limestone rises into a ridge of considerable 
height that there is any large amount of material that can be easily quarried. The 
most desiivble localities for quarries are where the ridge is high but falls oS steeply 
into a transverse valley, thus afiording sites where quarries can be opened with their 
fuesabove the general drainage level and with a considetable bulk of rock near at hand . 
Sudi points exist irfiere the limestone belt crosses the valleys of St. Vrain Creek, Little 
Ihompson Creek, Thompson River, and Cache la Poudre River. At each of t^ese 
pomts, except on Little Thompson Creek, a railroad follows the line of the slKam and 
crosses the limestone belt, the topographic conditions favorable for a good quany site 
being thus combined with easy transportation facilities. There are numerous localities 
on either side of these railroad s where quarries could be opened. 

The analyses in the following tables were made at the U. S. Geo- 
logical Survey laboratory at St. Louis, Mo., especially for Martin's 

iTbaMMnialliDBnoDaiitiiorthamCalondouBpOMtbleoeiiieat mftUital: BulL U. 6. 0«aL Sorwr 
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report, on aamplee collected by him. The analyseain the first table 
cover samples of the massive basal member of the Niobrara; those 
in the second table are of samples from the upper and more clayey 
portion of the formation. 

Analym of biual bed of Niobranx limestone. 
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LIMESTONES WEST OF THE FRONT RANQB. 

In central and western Colorado limestones of Mississippian age 
coyer lai^ areas and are probably the most promising cement mate- 
rials of this portion of the State, though other limestones of both 
later and earlier age occur in the region. Their geographic position, 
however, makes improbable any important use of them for cement 
in the near future. 

The following table contains analyses of a number of limestones 
from central and western Colorado sufficiently low in magnesia to 
be of interest: 

Xnolysef q/'Itnuftofui^wn Coloraiio wuto/lhe Fnmt Range. 
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1-4. Olvwood BiiriDgi, Oarfleld Cmrnty. aeorKe BMger, uuljit. Bull. U. S. Oinl. Surrey No. in, 
ID.' North Park, Onnd Couutr. B. E. BmrMer, uuljtt. U. B. Oral. Eipl. 40Ui Par., voL 1, IS7T, 

1. IW, IMO.p. 170. 



3. llDODt B&VB'tMla, Park County, W. F. ^Ulebraud, uialTst. 

14. Filrplay, Fuk County. W. F. amebrand, aiulysl. Ibid. 
U. Aipen, PltUn Coonty. L. G. EaUns, analyit. Idem. p. 173. 

1«. Aspen ICount, PllUn County. Been it Blctuidi, uulysti. Rcpl. Colonda Stale Scbool MlDa, 
HSa. p. (7. 
17. Aspen Mount. PltUa County. F, Bardwell, analyst. Idem. 

15. Jkmna Uount, PllUn CoiuiIt. F. BocUey, analyst. Idem, p. BB, 

l«. Atom dlMrlci, ntUn County. Qeorge Slclier, aiulyn. Bull. V. S. Oaol. Surrey No. 1«8, imo, 
p.m. 

"». lacqna Mount, Twunlle dlatrict, Summit County, W. F. Hllkbrand, anajygt. " "• 



n. Near Babbatb lUat tunnel, TemnUe dlsCrlct, Summit County. W. ^, 

a.BearhOofch.Tenir"- "■— " "- "■ 

3. Natthoiau^loal, 



Qokh, Tenmlls district, Bummlt Coanty. W. F. HlOebrand, analyil. Iden 

-■ ■ dlsWot, Summit County. W. F. Hllkbrand, analyst, 

- ■— — - W. F. HlUebiand, anafrst. 



talyit. Idem. 



«, as. PItteton tunnel, TenmlledlsWrt, Summit County. W. F. HlUebiand, analyst. Idei 
30. SoMunlt quarry, Tenrolle district. Summit County. W. F. ElUetnwKl, aoalyat. Idem, 
r. Flatcbar abaft, Copper ICounlabi, Tenmlla district, Bummlt Couuty. W. F. HlUebiau 

IdOD. 



Hlllebiaud, analyit. 



izecy Google 



128 PORTLAND CEMENT UATEBIALS OF UNITED STATES. 

POBTLANS CBKENT INIlTrSTRT IK OOIiOSABO. 

Only two Portland cemeDt plajits are at present in operation in 
Colorado, but several other attempts have been made to manufacture 
cement in the State. The materials used at the present plants, as 
well as at all the previous plants, are limestones of various grades of 
purity from the Niobrara formation. 

The plant of the Colorado Portland Cement Co., at Portland, about 
5 miles east of Florence, Fremont County, south of Arkansas River, 
and the plant of the United States Portland Cement Co., at Concrete, 
both use an argillaceous limestone aver^ng about 71 per cent of lime 
carbonate and a purer Umestone carrying about S8 per cent of lime 
carbonate. The ai^illaceous Umestone occurs in several beds, abro- 
gating about 60 feet in thickness; the purer limestone is taken from 
a 40-foot bed lying about 50 feet below the other. Coal is used as 
fuel at these plants. The Newcastle Portland Cement Co. is reported 
to have built a small demonstrating plant at Newcastle, in western 
Colorado, but no output has yet been reported. 
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PORTLAND CEMENT RESOTTItCES OF CONNECTICUT. 

Many outcrops of limestone occur in Connecticut, but few of them 
are large enough to justify the erection of a cement plant. Further- 
more, most Connecticut limestones carry entirely too much magne- 
sium carbonate to be available for use as Portland cement material, 
particularly the thick and extensive limestone beds that are so exten- 
sively quarried and utilized for lime burning in the vicinity of Dan- 
bury, Canaan, and elsewhere in western Connecticut. Numerous 
analyses of these limestones show that few of them carry less than 
20 per cent of magnesium carbonate, and that many cany as much 
as 40 per cent. On the other hand few of the nonmagnesian lime- 
stones, which occur chiefiy in central and eastern Connecticut, are 
over a few feet thick or have more than a very narrow outcrop. 
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Of the analyses given below 2 and 3 are fairly typical of most of 
the limestones of western Connecticut. They are in general reason- 
ably pure, so far as clayey matter is concerned, moat of them carrying 
very low percentages of silica, alumina, iron oxide, and the hke, but 
almost all of them are high in magnesia, many approaching dolomite 
in composition. A few beds show very low m^nesia percentages. 
(See analysis 1.) Such would of course be serviceable as Portland 
cement materials, but unfortunately they are not extensive, and 
they can not be told at sight from the high-magnesia rocks in the 
same quarry. They therefore can not he separated during quany- 
ing. For this reason the writer beUeves that such local occurrences 
oF low-magnesia rocks give no promise of a future Portland cement 
industiy in Connecticut. 





AnalytuoJlimetlOTia/rom Comiedicut. 
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L Qninr of Danbarj UdM Co, DsnburT, FairOsld County. Ulncnl Rnoiucea U. B. lot ISW-ISW), 
1803, p. 38B. 

i. qiunv of Cuam Ume Co., Oanaan, Lltcbfleld Coonty. TwentlMb Ann. Kept. U. B. U«ot. Sui> 
ny.pt CtcontiinMd), UM), i>. 170. 

1. Qiuiry olCuBBBid Bnis., East CaiUBii, Utclilleld County. Idem. 

PORTLAND CEMKNT RESOURCES OF DELAWARE. 

Except for a relatively small area of pre-Cambrian and metamor- 
phic rocks in extreme northern Delaware, the entire State is com- 
posed of fairly recent geologic formations — Cretaceous and later. 
A few isolated outcrops of crystalline hmestones have been found in 
the metamorphic area, but their magnesia content is variable, and 
they do not occur in sufficient quantity to be worthy of consideration 
by the cement manufacturer. 

PORTLAND CEMENT RESOURCES OP FLORIDA. 

Though Florida is laigely underlain by beds of limestone of Ter- 
tiary and recent age, great areas of these are covered by later 
deposits of sand and gravels. Partly because of this, and still more 
because of the lack of local fuel deposits and cement markets, no 
attempt has ever been made to manufacture Por£land cement in the 
State. Should commercial conditions ever render a local cement 
industiy possible there will probably be httle difficulty in locating 
suitable deposits of limestone, for the Vickaburg group, the St, Steph- 
ens limestone of which is so promising a source of cement material 
48834"— BuU. 522—13 9 
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in Alabama (see pp. 82-85), covets a large area in Dortbwn Honda, 
and other limestones of equal value outcrop ebewbere in the Stat«. 
(See PI. U, p. 68.) 

The analyses in the following taU« give aome idea of the composi- 
tion of various Florida limestones: 

Analyta of limatona from Florida. 
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•D. George Stelgcr.uuJyil. Idem. 

wn. OeorEC etelgBr, uulrst. Idem. 

wn. Qeorge aielger, a>iai>-st. Idem. 

.,^,.- Jovn. G«r^ Blelger, uulTst. Idem. 

it,2Jioolericlawn, Oeores Slel^ei. uuJysl. ld>m, 
'ortli. F. W. Garke, uulvit. Idem. 
Cluke, uialfst. Idem. 



Of the nine analyses quot«d in the foregoing table, eight represent 
limestones safely witlun the pernussible limit of magnesia. The 
exception is analysis 2, which is here reproduced because attempts 
have been made to utilize the rock in the manufacture of a l^htr 
colored natural cement, a use to wliich it is well enough adapted. Its 
curiously low content of iron oxide and its equally abnormal high 
percentage of alumina should he noted. 

Quite recently consideration has been given to the possibility of 
utilizing the extensive peat deposits of Florida to supplement the 
otherwise unsatisfactory fuel supplies of the State. It is improbable, 
however, that a commercial cement industry can be started on this 
basis. 

PORTIjAND cement resources of GEORGIA. 

POBTLAND CEICBNT 1U.TBKIAI.8. 
DISTSraUTION. 

Georgia is fairly well supplied with hmectones, many of which are 
suitable for use in Portland cement manufacture. Four series are 
worth considering here. (See PI. 11, p. 68.) Named from oldest to 
youngest these four are: 

1. Hetamorphic limeotoDee (marbles) of uncertain age. 

2. Chickamaugft limestone of Ordovician ("Lower Silurian") age. 
9. Bangor limestone of UiHUeippian ("Lower Carboniferous") age. 
4. CrataceouB and Tertiary limestonee (so-called "maila"). 



.„ Google 



METAHORPHIC LIMESTONES OR MARBLES.* 

Highly ciyatalllue limeetonee, suitable for use as marble, occur in 
parts of northem Georgia, notably in the counties of Fuinin, Gilmer, 
Pickens, and Cherokee. The principal outcrops cloeely parallel the 
line of the Louisville & Nashville Kailroad from near Canton north- 
ward to the Georgia-North Carolina line. Throughout the entire 
belt the marble has been quarried more or lees extensively. 

As shown by McCallie, the marble ia of two distinct types, so for as 
chemical composition is concerned. One of these types, represented 
by the analyses below * rarely carries over 1 per cent of magnesia and 
is therefore available as a Portland cement material. The other type 
carries 15 to 22 per cent of magnesia and is therefore not worth 
consideriog in the present connection. 

Analytei of aulamorphic limeitonetfivm Gtorgia. 
|W. H. EnunoD, inaljit,! 
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\. If arble (nnn Craola qoairr of atorgla Uwble Co. , hmt Tate, PlckMU County. 
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CHICKAHAUQA LIMESTONE. 

The Chickamauga limestone occurs only in northwest Geoigta, 
where it appears as a series of long narrow bands commonly trend- 
ing N. 30° E. (See Fl. II.) A few of the more important areas 
will be briefly described, begiuDing in the extreme northeastern 
portion of the State, particular attention being paid to outcrops on 
or near railroads. 

A belt of Chickamauga limestone entering Georgia a few miles 
southwest of Chattanooga is followed by the Alabama Great Southern 
Railroad from near Chattanooga to a few miles below Trenton; 
another belt is crossed by the same railroad about 3 miles south of 
Rising Fawn ; a third belt is followed closely by the Southern Rail- 
way from RossviUe to Cedar Grove; and a fourth ia followed by the 
same road from Bronco to Menlo. The railroad from Chattanooga 
to Summerville runs for 5 miles east of Chickamauga across one of 
these limestone l»lt8. An extensive belt of the limestone borders 
the western faces of Taylors Ridge and White Oak Mountains, but 

|g buUdlDs sttmn m dcwlbvd b; 8. W. 
[1 tba nuiblCB of GeoijEK Bun. OaorglB Osol. Survey No. 1, 1107. 
« mada foi dotdla oodowii1ii£ tlio ciTiUlliiie Unustoan of Gcanl*,| 
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13 crossed by rulro&ds near Rin^old and Lavender only. Other 
belta are crossed at Dalton and between Dalton and Timnelbill. 

The Chickamaiiga limeatone ia very extensively exposed in the 
northern half of Polk County, being crossed by railroads at or near 
the stations of Eaomhill, Cedartown, Fish Creek, Rockmart, Davittee, 
and Taylorsville. As later noted, one Portland cement plant in 
operation at Rockmart is already utilizing this limestone. 

Tliroughout Georgia tlie Chickamauga limestone is commonly 
rather pure, carrying 90 to 95 per cent of lime carbonate and leas 
than 2 per cent of magnesium carbonate. Analyses 1, 2, and 4 of 
the following table' fairly represent its composition. Analysis 3 
represents a highly magnesian type rfi rock that is iortimately 
uncommon; its reference to the Chickamauga may be erroneous. 

Analgia of Chietamauga limestone from. Georgia. 
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1. South or TivDton, Polk CouDt;. ]. U. UcCuidlera, uulyat. 

2. Cedartown, PSk County. W. ). Lind, vuljlt. 

3. Naw Tnnton, La vsUe; o[ Loakmit Creek. I, If. lloCkDiUca, sn^yst. 



ni Bockmut, Polk bounty. CbemiBt, CliuiAee Iron Co., 
BANOOR LIMESTONE. 

Tbe Bangor limestone in Georgia occurs only in*Dade, Walker, and 
northwestern Chattooga counties. It appears as a series of belts 
one-half mile to almost 2 miles wide, which closely follow the trend 
of Sand, Lookout, and Pigeon mountains and generaJly nmning up 
high on the flanks as well as occupying parts of the valleys at their 
feet. 

The Bangor limestone in its Georgia areas varies between 700 and 
900 feet in thickness. The greater part of this is a rather heavy- 
bedded blue limestone, commonly quite pure and low in magnesia. 
Toward the top the limestone becomes more clayey and interbedded 
shales more and more numerous. 

ATialyiet of Bangor limeitone from Otorgia. 
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I, RMuiFawo, Data County. J. U. UoCandless, analyit. Paleoiofo rron[i of OeorglB, 1888, p. 2n. 
% eideof Sand Uountabi. Polk County. }. H. UoCandlen, analygt. Idem, p. 3n. 

1 SpaDoar, J. W., Oeotafy ol the Paleoulo gnup of Qeorgia, Oeotgb tieo). Surrey, IW, 



CBETACEOU8 AND TEBTIABY LIMESTONES. 

The portion of Georgia lying south and southeast of a line drawn 
through Knoxville to Columbus is occupied by clays, gravels, and soft 
Umestonee of Tertiary and Cretaceous age. The limits of these forma- 
tions have never been accurately mapped, so that the distribution of 
the soft limestone beds can be stated only in a general way. Several 
areas of the soft limestones (commonly colled "marls" in geological 
and agricultural reports) are known to occur. One of these areas is 
the continuation of the Tertiary rocks of Alabama described as the 
St. Stephens limestone. (See pp. 82-85.) In Georgia this limestone 
occupies most of the counties of Decatur, Miller, Baker, Mitchell, 
Dougherty, and Lee. The only analysis of it from a Georgia locality 
is No. 6 of the table below. Other limestone beds occur in the 
Cretaceous and Tertiary region, but little is known concerning 
their distribution. 

Such analyses as are available are presented in the following table. 
They all show considerable silica, alumina, and iron oxide but are 
remarkably low in magnesia. 

An^j/ta of CrrUKiou* and Tertiary limatontt frmn Qeorgia. 
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_ intT. Idem. 

3.SlwUBliifl, BufkaConnt;. Idsin. 
t. BoostoD CouDtr. Idem. 
i. Sear MoDlafuma, Huod County. Idem. 
(L Near Albany, D«usban;Couiitr- Idsm. 

POBTLAND CSHIEHT HTDUSTBT IH GBOILaiA. 

In spite of the fact that Geoi^fia is fairly well supplied with suitable 
cement materials and possesses small supplies of coal, there are only 
tvo Portland-cement plants in operation in the State and it is hardly 
probable tiiat it will ever become the seat of any really large cement 
industry. The eastern and southern portions of the State can be 
supplied with cement more cheaply from Pennsylvania, Virginia, and 
Alabama than from plants in northwest Georgia; and the only lat^e 
city — Atlanta — in northwest Georgia itself can be reached almost as 
well from Alabama aa from any probable Geo^;ia cement location 

The two plants now in operation are that of the Southern States 
Portland Cement Co., about one-half mile east of the village of Rock- 
mart, and that of the Piedmont Portland Cement & Lime Co., at 
Portland. Tbe Portland cement manufactured at these plants is 

Google 
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made from a mixture of pure limestone and shale, both of which 
occur in the immediate vicinity. 

Hard blue slates, which have been extensively quarried for roofing 
slate and other purposes, outcrop on the hills south of Rockmart. 
These slates are of Ordovician age and have been described by C- W, 
Hayes as the Rockmart slate. East of the town the Chiokamauga 
limestone, which is the surface rock over an extensive area, contains 
beds of pure nonmagnesian limestone, which for a number of years 
have been quarried and humed into lime. 

The Southern States Portland Cement Co. purchased the property 
of the old Georgia Slate Co., about one-half mile southwest of Rock- 
mart, and carried on extensive operations with the diamond drill in 
testing the slate formation. The intention at that time was to quarry 
the slate, sell for roofing slate and mill stock the portions best suited 
for those uses, and utilize the scrap and waste in the manufacture of 
cement. At a later date in the history of the plant, however, shales 
of normal type were substituted for state in the cement mixture. The 
quarries from which the limestone is obtained are one-half mile east 
of town, near the cement plant. 

Analyses of slate, shale, and limestone from the particular quarries 
which have been worked by the Southern States Portland Cement Co. 
are not available. Spencer, however, quotes analyses of slate and 
limestone from the vicinity, and these will serve fairly well to indicate 
the character of the material. 





Anolyui of ilaU and limultmt from. Rodmart, Oa. 
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The Piedmont Portland Cement & Lime Co. is reported to he build- 
ing a plant at Aragon. 
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POKTUJJI> CEMENT RESOURCES OF IDAHO. 
OBNXBAL DISTBEBITTION. 

Such geolc^ic work as has been done in the State of Idaho has been 
90 largely in connection with the examination of isolated mining dis- 
tricts or for other special purposes that very little general information 
is-available concerning the Portland'cement resources of the State. 

Small isolated areas of crystalline limestone or marble occur in the 
western portion. Marble is reported from the valleys of Snake 
and Clearwater rivers, also from placee in Kootenai and Cassia coun- 
ties. Near Hailey, Boise, and Weiser limestone is quarried and 
burned into lime, and some fluxing rock is quarried in the State for 
use in smelters. 

The following notes were published by Russell, on limestones of 
Idaho: ' 

. Limestone occurs in great quantities on the borders of Snake River, from 1 to 3 
miles ftbove the mouth of Grande Ronde River, and also about S miles farther up- 
stream. The value of this etoue for marble has not been tested, but it certainly 
tneriia careful study. An analysia of an average sample of the rock is given in the 
Gnt column irf the subjoined table of analyses of limestone, vhich shows it to be of 
exceptiixuil purity. 

Limeeboe oulcrope beneaUi the Columbia River lava on the right bank of Miseion 
Cn«k, about a half mile above where it emerges from Gie deeper portion of its canyon 
in the Crug Mountain uplift, and also in a gulch about 1 mile to the weat. Along 
UiMson Creek, for a distance of approximately 300 feet, the limestone is admirably 
exposed in the precipitous canyon wall to a height of 500 feet. It is in general a 
hard, grayish-blue rock, containing a few obscure fomili. The strike of the beds is 
K. GO" E. (magnetic), and the dip is eartward at an angle of from SO to 66°. Formeriy 
it WM bnmed in kilns, which still remain, and it is said to have yielded a good lime. 
Tba value tA the stone as marble con scarcely be judged from the weathered ont- 
crope, but its dark color would probably make the demand tar it small, even if on 
quuTying it is found sufficiently massive to be taken out in blocks of the desired 
gize. An analysis of a typical sample of this rock is presented in the subjoined table, 
which diowB that, like the similar limestone in Snake River canyon, it is of eicep- 
tianal purity and will moke an excellent lime, and it is all that could be desired in 
the production of Fwtland cement or for use in the manufacture of beet sugar, etc. 

On the left bank of UiniiHi Creek, opposte the outcrop just described, a landslide 
his brou^t down basalt from above and c<mcealed the limestone which normally 
diould appear there. Viaitora to this locality will no doubt be interested in observing 
the manner in which the landslide has caused the stJ^om to be turned aside from a 
fomeriy more direct coune and made to cut into its r^ht bank, thus removing some 
of the d6brifl that once concealed a portion of the limestone and making it mon 
available far quarrying. The surface of tbe fallen mass forms an irregular terrace at 
an elevation of about 500 feet above the stream. The surface of this terrace presents 
a good illustntion, on' a small scale, of landslide topography. 

Limestone occura also at Orofino and at three or four localities on Orofino Creek 
within the first mile above its mouth, as well as on the southern side of Clearwat^ 
River abont a half mile below Orofino. At each of these localiti«e the well-defined 
beds are anociated with schist; they strike about north-south and stand nearly 

' RidnD, I. C, OvAogj and water rtaoanxs of Nei PeiG« Count;, Id&ba, pt. 2: WMar-Supply Pt^at 
U. B. Oaol. Surve; No. U, IMl, pp. 110-121. . 
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vertical. The limeetoae haa been met&nu^hoeed and u now moBtly a coarsely 
crystalline marble, varying in coIot from wbite to gray. It ia ausceptible of a bi^ 
poliah and ehould find a ready market for building and monumental piupoaes, pro- 
vided it can be had in blocks of the desired sixe. It is favorably situated for quarry- 
ing, being close to Uie Northern Pacific Railroad. The surface is considerably 
ahatUred but is not deeply weathered. Whether it ia sufficiently massive at a 
moderate depth below the surface to be of value can only be determined by trial. 
A sample of the nearly white, coarse-grained marble from Oro&no has been analysed, 
with the reeulla shown in the third column of the following table: 

Anatyta of Ivnuitona from Nn Prm Counti/, Idaho. 
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The limestones from Snake River canyon and Mission Creek are exceptionally 
pure and are suitable for use in the manuftictiite of Portland cement, in the beet' 
sugar industry, etc. The limestitne at Orofino evidently would make a eood lime if 
properly calcined, but it is not deeirable for the other purposes mentioned, on account 
of the magnesium present.' There are, however, several beds of limeat«ne near 
Orofino. a tareful study of each of which would very likely reveal the presence of 
material as rich in ratcium carbonate and as fr^ from impnrities as the limeslDiie 
from Missbn Creek and Snake River canyon. 

ZJME FOINT. 

The following description of an occurrence of cement materials in 
Idaho on Snake River, near the mouth of Grande Ronde River, about 
30 miles south of Lewiston, Idaho, is abstracted from an unpublished 
report by Hoyt S. Gale, of the Geological Survey, who examined the 
locality in March, 1912. The area has been described in earlier pub- 
lished reports of the Geological Survey as deserving careful consid- 
eration for the possible value of its rocks as Portland cement material* 

The sedimentary rocks from which it is proposed to obtain cement 
material outcrop along the lower canyon walls bordering Snake 

coiuldfnd by Riusvll to he undeslrabh', app^sraln the ll|!ht ofUWi 
«jdw.-E. r. E. 
!r rfsMirces ol N« Perce ('aiinly, Idaho, pL 2: Walei-Supply Pspei 



' The 3.0S per cent ot i 
«ment manulaclaring not to bee: 

' Iluisell, I. C, Geology and wb 
•lo. M, IMII, pp. lil-122, 133-1311. 
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RiT«r, especially near Lame Point and just above the mouth of Grande 
Ronde Kiver. They have the Uthologic appearance of Paleozoic 
rocks uid are probably, in part at least, of Missiasippian age, this 
being suggested by the hthology of the beds and by a few layers 
containing ctinoid and coral fragments. The limestone outcrops 
extend north or northeast, probably for several miles, and are assumed 
to be continuous in outcrop toward the south. Associated with the 
more conspicuous limestones are large thicknesses of shale. As the 
latter give way more readily to erosion, their outcrops are now found 
along the gulches tributary to Snake River, between ridges capped 
by the more resistant limestones. 

The sedimentary outcrops near Lime Point ore limited on the 
west by basaltic igneous rocks belonging in greater part to the 
Columbia River basalt of tlie lava plains, whose extensive occurrence 
throughout this general region makes the appearance of the sedi- 
mentary rocks rather exceptional. 

The Columbia River basalt is very fully described by Russell.' 
It forms the surface over nearly tlie whole of Wasliington and Oregon 
east of the crest of the Cascade Mountains, extends into Idaho to 
the older formations of the Cceur d'Alene and Bitterroot mountains, 
and also reaches southern Idaho. It is known to attain a thickness 
of more than 4,000 feet. 

The canyon of Snake River between tlie mouth of Grande Ronde 
River and Lewiston consists chiefly of the deeply eroded channel, 
cut to a depth of a thousand feet and more, in the nearly horizontal 
flows of this basaltic lava. Tliese canyon walls expose alternating 
layers of dark compact and vesicular lava, intercalated with frag- 
mental layers of similar volcanic material. Many fine examples of 
columnar jointing are shown in the more compact bbds. Along this 
portion of Snake River a dip to the north is recognizable as the cliffs 
formed by the more motive layers in the flows pass beneath water 
level in the direction in which the stream is flowing. As a whole, 
however, the lava flows lie approximately horizontal. 

The abrupt termination of the sedimentary outcrops including the 
limestone against the igneous rocks to the west is considered to have 
resulted from on extensive fault, by which the lava flow series, together 
with the imderlying sedimentary strata on the east, were elevated with 
relation to the general level of the lava plains. This interpretation of 
the structure was not conclusively proved in the short time devoted 
to the present examination and does not agree with that given by 
Russell, who explains the sediments as the remnants of the older 
topography buried in the lava flows and later revealed by erosion 
of the river channels. He says:' "Upstream from the mouth of 
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Qnmde Konde River the horizontal lava sheets in the caoyoD wall 
abut against cliffs of Bchist which form the precipitous border of a 
buried mountain." In this statement it is assumed he refers to the 
relation of the Columbia River basalt to all of the sedimentary rocks, 
including the limestone. A view to the north from the summit 
above Lime Point shows erosion of a zone of weaker beds altmg the 
contact of the lava and the sediments, and in at least one case a dis- 
tinct drag is indicated in the abrupt uptitt of the otherwise nearly 
horizontal flow beds. 

At the mouth of Grande Honde River anotlier intrusive rock, 
provisionally termed a diabase porphyry, of later age than at least 
a part of the Columbia River basalt, truncates the edges of the 
basalt flows along the line of the major fault referred to above. 
This diabase forms a series of roimded knobs, and from a distance 
the areas it covers may be distinguished chiefly by the abscmce of 
horizontaUy bedded layers which mark the basaltic lava. A small 
dike supposed to be related to this intrusive occurs just aboi^e and 
a few feet south of the tunnel portal near the lower end of lime Point. 

The compositioD of the cement rock is indicated by seven samples 
collected by Hoyt S. Oale, analyzed in the laboratory of the Bureau 
of Standards by A. B. Lort (test number, 1 135d; laboratory numbers, 
3742 to 3748, inclusive).* 
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The following comment on these samples is also quoted from the 
report on these analyses: 

An analysis of these aamplea ahowx that both the limeetone and the ohales c*n be 
combined eo as to produce after burning Portland cement, thoi^h the ratio of tlie 
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sjlka to the oxide of alumimim is such u to cause the oxide of ftlumiDum to be low in 
the fuuBhed product. The lime in general tends to be high, which would require 
very fine grinding and thorough mixing to insure a sound cement. 

That these caw materials can be combined so as to produce Portland cement does 
not establish their economic value, aa the physical character ot the rock as influencing 
met of grinding and burning has a very potent effect on cost of production. 

Sample No. 1 is apparently of local occurrence and can not be 
expected to furnish sufficiently large quantities of material to be of 
much importance for cement manufacture. Sample No. 2 probably 
represent a targe body of massive limestone readily available. It is 
very similar to that represented by sample No. 3, obtained from the 
extension of tJiis formation a mile or more north, both of these being 
exceptionally pure limestones. Samples Nos. 4 and 6 are shales from 
surface exposures and may be altered by the leaching of surface 
waters, but they are perhaps the best samples to be had under present 
conditions. Samples Nos. 5 and 7 are metamorphosed bands of the 
shale beds adjacent to the intrusive igneous rock. Consequently 
they are of very, uncertain extent and uncertain composition for any 
considerable distance, the relation of the igneous rock to any particu- 
lar part of the shale being chiefly accidental. Thus samples Nos. 2, 
3, 4, and 6 are probably the best as representing normal rocks of the 
area. 

A product fairly well within the sptecifications for a normal Portland 
cement (Bureau of Standards government specification for Portland 
cement, circular No. 33, 1912, p. 18) may be obtained by combining 
Nos. 2 and 6 in the proportion of 3 to 2. By recalculation of the two 
analyses combined in these proportions, eliminating only the volatile, 
the following compositdon is obtained: 

AnaigtUofmixivTeojTwAoftamplfNoi. S aiid e in the proportion of 3 to t. 

SQica(SiO,) 23.68 

Iron oxide (Fe,0,) 2. 51 

Alumina <AliO,) 6. 09 

Liine{CaO) 65.27 

tla^oea^Oa^) 2.46 

100,00 

Tbe only factor that falls without the limits of the specifications 
is the lime, which is a little too high. The ratio of silica to iron and 
alumina together as contained in the original rock is as 2.8 ia to 1, 
a satisfactory proportion. 

Hie samples are to a considerable extent random in selection and 
do not necessarily represent the bulk of the sedimentary beds in the 
vicinity. Nevertheless they leave little doubt that the limestone 
iuid tJie larger masses of calcareous shales may be considered as 
almost unlimited. The limestone outcrop is only a part of the 
masaive bedded strata which undoubtedly are very extennvely 
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distributed throughout this part of the State, though general!] 
buiied by the great lava flows, probably to inaccessible depths. 
However, the one outcrop at and near Lime Point on Snake Rivei 
is essentially continuous for perhaps several miles and can supply an 
enormous amount of material. 

While the deposits at Lime Point may possess an advantage for use 
as cement material by reason of their situation at the river's margin, 
they are not necessarily more valuable chemically than their exten- 
sions to the north or the south and possibly elsewhere in the region. 
At present, however, transportation facilities are not very favorable. 
There has been no way of reaching the property by wagon road since 
the abandonment of tlie river ferry at the moutii of Captain John 
Creek, Water transportation down Sn^e River from near the 
mouth of Grande Ronde River would probably be feasible for all 
but about four months of the usual low water in summer time. At 
least three railroad surveys follow Snake River in this vicinity; their 
stakes may be found on both sides of the river. The most recent 
survey is on the Washington ade; it was recorded in October, 191 1, 
in the railroad division of the General Land Of!ice. 

PORTZiAND CEMENT RESOURCES OF ILUNOIB. 

PORTI.Ain} CZMENT KATBaiAI.S. 

Low-magnesia limestones suitable for use in Portland cement 
manufacture occur in Illinois in the Ordovician, the Misaiasippian, 
and the PenusylvaniaD ("Coal Measures"). Only the Ordovician 
and Pennsylvanian limestones have yet been utilized in Illinois as 
Portland cement materials, though the Mississippian limeetones, 
when their location, thickness, and compodtion are considered, 
would seem to be the most promising of the three. 

OBDOVIOIAN ("tRBNTON") LIMESTONES. 

^Though the Ordovician limeatonea cover a very largo part of north- 
em Illinois, they seem, in that part of the State, to be almost every- 
where high in magnesia and therefore unavailable as Portland 
coment material. In western and southwestern Illinois, however, 
along Mississippi River, a number of isolated areas of Ordovician 
limestone occur, the rock from which, from the analyses available, 
seems sufficiently low in magnesia. 

The geologic map (PI. V) shows the location of four separate 
areas of Ordovician limestone in the district considered. The first 
area lies on the east bank of Mississippi River at and below Thebes 
for a mile or two. The second area, larger than this, extends along 
the east bank of Mississippi River from Harrisonville to Smiths 
Landing, in the northern part of Monroe County. A third area is 
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exposed along both banks of Illinois Ritct, near Hartford, in Jersey 
County. The fourth area lies along the east bank of Mississippi 
River, south of Harding, in Calhoun County. 

The only available analyses of Ordovician limestone from any of 
these areas show a very pure nonmagnesian limestone. 



Amlyaea ofUrdovidan limeiUms from Theba, Alexander County, III. 






>- 


2. 




0.7? 

( « 

B7.25 
n.d. 































. F.W.Falc, analyst. 



Similar occurrences of nonmagnesian OnloviciBn limestones across 
the riTsr in Missouri are discussed on page 247, where further analyses 
are given. 

In the cut on the Illinois Central Railroad north of the zinc- 
smelting woriis at Lasalle the following section is shown:' 

SeftioH TuoT Latalk, III. 



1. Green uid aah-^ray clay shales 

2. Nodular rtilcareouH shale 

3. Greenish clay shale 

4. Impure choco1at«-colored limeeUine.. 

5. Bed and green shales 

6. Green ahaly clay 

7. Nodular shale or shaly limeetone 

8. Upper main limeetoDe 

9. Green shale 

10. Lower limeelone 



Beds 8, 9, and 10 of this section, taken together, represent bed 5 
of the preceding section. The shale parting (No. 9) which here sepa- 
rates the two limestone beds increases in thickness farther south, 
until at Peru it measures 6 to 8 feet. This limestone series occurs at 
about the horizon of coal bed No. 9 of the Illinois reports and is prob- 
ably the same as the limestones exposed near Carlinville. 

UlSSISSrPPlAN UUESTONBS. 

The Missis^ppian limestones occur only in one belt, which extends 
through western and southern Illinois. The northern end of this belt 
ia near New Boston, in Mercer County. From this point the limestones 
extend southward along Mississippi River, in a belt averaging per- 
haps 20 miles in width, through Henderson, Hancock, Adams, and 



>1. Bnrvsy DllDois, vol. 7, 1883, pp. 48-47. 



.„ Google 



142 POBTLAND CEMENT MATEfflALS OF UlflTED STATES. 

Pike counties. A narrow brancb of this belt extends up Illinois 
River as far as Beardstown, and narrower bands border several of 
the lai^er tributaries of the Illinois. The main belt conUnuea south- 
ward parallel to and usually bordering Mississippi River and covers 
the greater part of Scott, Greene, and Jersey counties. Near Alton 
the limestone belt contracts until it is only a few miles in width, but 
widens out again a few miles south of Alton and covers extensive 
areas in Madison, St. Clair, Monroe, Randolph, and Jackson counties. 
Near the southern boundary of Jackson County the belt leaves the 
Mississippi and turns eastward through Union, Johnson, Pope, and 
Hardin counties. 

The following notes by Stuart Weller and E. F. Burchard on prom- 
ising Portland cement materials from near Crolconda, Pope County, 
are quoted from tlie latest Illinois Geolc^cal Survey bulletin:' 

W 319.* Location: Sec. 19, T. 13 S., B. 7 E. Geological fonnation, "C/itMUr." 
Sample from quarry on hiUnde north of Golconda to rigbt of toad going up hill. At 
thia point about 15 feet of limestone has been quarried and cnuhed for load making. 
Above the limeeloDe and also below it are ehaly beds. 

W 320. Ixeation: SW. i SE, J eec. 22, T. 11 S., R. 7 E. Rainey place, 14 miles 
north o( Golconda. Geological formation, Ste. Genei-ieve. Sample from prospect pit 
for spar. 

Seeiian on Rainey farm. 

FMt. 

2. Shale 10 

1. Limestone with dule partings (W 320) 15 

W 321.* Location: Sec. 28, T, 13 S., E. 6 E, Geological formation, "Cfte»ter." 
Sample from outcrop on property of Edward B. Clark, Limeslone Hill, weat of Gol- 
conda and one-Fourth milo northweat of the lllinoia Central Railroad. (See PI. 
XVIII.) The outcrop of 100 feet or more of limestone and shale is so covered with 
taiuB that the proportions of limestone and shale cannot be seen. The sample %ns 
taken from one of the outcropping beds of limestone. 

Bu 20.* Location: Sec. 2H, T, 13 S., B. 6 E. Geolt^cal formation, "Cketter." 
Sample is composite of all outcropping limeatone beds in the same section from which 
sample W 321 * was taken. The sample represents an aggregate of 50 feet or more of 
limestone. The overburden is l^t. The analyses of samples of duile from the nine 
locality, as given in a lat«r chapter, indicate that the materials ore well adapted for 
cement manu^ture. 

Bu 21,* 22,» 23.* Esamination was made by Mr. Burchard, of the U. S. Geological 
Survey, of shales and limeatone on the Edward B. Clark property known as Limestone 
Hill. This lies west of Golconda in sec. 26, T. 13 S., R. 6 E,, and offers excellent 
opportunity for cement manufacture (Bu 20"). 

Bu 21* is from a 5- or 6-foot roadside exposure of a bed of shale which is probably 25 
feet thick. Bu 22* is from a S^foot prospect hole in the creek bank and occurs in the 
some horizon as Bu 21.* Bu 23* is from a 6J-foot exposure in a prospect pit. 

The overburden on the shale represented by Bu 21* and 22* ranges up to 40 fleet. 
The shale from irtiich Bu 23* was taken underlies the limestone represented by Bn 20, * 
and if used in connection with the diale interbedded with the limestone would prob- 
ably furnish enough material for c cement mixture. 
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As in other States, the ^Gssissippiaii limestones of Illinois are in 
general rather well adapted for use as Portland cement materials. 
In places they contain beds too high in magnesium carbonate, but 
their commonest type contains say 90 to 95 per cent of Ume carbo- 
aate, 1 to 4 per cent of magnesium carbonate, and 1 to 6 per cent 
of silica, alumina, and iron oxide. The analyses below are fairly 
representatiTC. 

Analyte* of MfUtissippian limttlone from IlUnait. 
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[. IfutMMad, Aduna CwDtr- N, O. Bartlatt, sjialyBt. Twenlleth Ann. Kapt. U. B. Owl, Burrer, 
pt. S (ooDClDDed), IBn, p. 3TT. 

2. Qulncr, AiUm OiuiitT. H, Pnttra, ualyst. OeaUSurTerlllliiali, vol. 1, IStt.p. IM. 

1 tioincj', AduDB Coontr. C. G. Hopklne, uul^Bt. TiraiitHtb Ann. Ropt. U. 8. 0»l. Survey, 
)t. I rbont'il), ISn. p. 377. 

<. NuiT(», BuKsck Comity. H. FratMn, analTst. Oeot. Survey minola, vol. I, ISM, p. n. 

i. Rnrictan, Bardla Coimly. H. PnlMn, aatlyrt. Idem, p. 374. 

<. Ro^lan, Honlln County. A. W. Grc)[orj, uiBlysE. Bull, IlUnab Geol. Survsy No. 4, 11107, p. 1S3. 

J.K. BeUuup, Jotuuou County. F. W. Pale, aoBlyst. Idem, p. 178. 

». UlUnTPukaki Coanly. F. W. Patfl.BnalvBtTrdeni, p. l»l. 

W,ll,tl Meoard.BaodoJpfaCounty. F. W. Puc, saslfit. Idem, pp. 181-182. 

13. Anns, Union County. F. W. Pats, analyst. Idem, p, 17«. 

PENNSTLTANIAN (" COAL MBASUBEs") LIMESTONES. 

The PennsylTaiuan ("Coal Measures") rocks of Illinois cover most 
of the State south of a line through Faxton, Wihnington, Lasalle, 
Princeton, and Rock Island. This thick series consists largely of 
shales and sandstones, but it Includes also some relatively thin beds 
of limestone, from which three of the five Portland cement plants now 
operating in Illinois draw their raw material. 

Most of the limestones are thin but fairly persistent. One bed or 
aeries of beds well exposed near Lasalle and (^lesby shows a total 
thickness of 20 to 25 feet of limestone. 

In the following geologic section, given in descending order, at 
Lasalle, Lasalle County, bed No. 5 is the limestone used by the three 
Portland cement plants at and near Lasalle. 



Sectiort ai LataUe, tit.' 






1. Shake 

2. Blue limeetone 1 

3. Bitiuninoue Bhale and coal 2 

4. ShalM 32 

5. Limeetone 3D 

6. BituminouB ehale and coai 36 

7. Fire cUy (abeeat in places). 

8. Shale 17 

9. LimeshHie 2 

10. Shale. 



1 fi^ort IlUnob Boud World'e Fair OommbdMitn, 1803, p. la. 
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The Fennsylvanian limestones, though generftlly high in clayey 
impurities, are commonly low in magnesium carbonate. The analy- 
ses given in the following table are of the more argillaceous lime- 
stones. For analyses of purer rocks, used at three Portland cement 
plants in the State, see pages 151-152. 



Analgtea o/Penntylva 



n UmetUmefrom Illinau. 
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1.00 


1<I.« 


10.37 
11.32 
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6. Batm Creek, Suininon Coimtv. 
T. CbubslOD.CQlnCauntr. F, W. 



PUe.analTit. Bui 1.0UiiobBtiil«a< 



In the followiog tables are given a number of analyses of lime- 
stones, shales, and clays without reference to age, many of which 
are considered suitable for the manufacture of Portland cement. 
The shales are used in large quantities for the manufacture of clay 
products. These analyses of limestones were made by the Illinois 
Geological Surrey' and are published here through the courtesy of 
that bureau. 
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These anal^^es represent but a few of the available ahales of the 
State, owing to the fact that a survey of these materials has not yet 
beea made. 

POB.TXJUn> OHHBNT IHSTTSTBT IN ILUNOIB. 

Five Portland cement plants are at present operating in HJinois. 
Three of these plants use limestones and shales from the "Coal Meas- 
ures," one uses Ordovician limestone and Quaternary clay, and 
the fifth utilizes a mixture of blast-furnace slog and limestone. 

The Chicago Portland Cement Co. plant is at Oglesby, Lasalle 
County. The following section is exposed in the quarry: 

Seetiim at quarry of Chicago Portland Cement Co., OgUtby, III. 



Black alftty sh&le 6 

Coal t 

Haider gray shale 8 

The raw materials used at the plant are limestone from this quarry 
and shale from both of the beds noted. Analyses of the raw materials 
are given in the following table, the shale being from the &-foot bed of 
black shale: 

Andj/tei (if cement materiaUjTVm Oglabj/, III. 



SUIca(BIOi) 

Alomliia ( XbOi) 

Ito((C«oi. 

EulSlntrliucKleYsCw: 
CubnidkiilditrCOi).. 
Witer 



13. IS 

r x.eo 



The plant of the German-American Portland Cement Co. is just 
east of Lasalle. The quarry ^ows 8 to 10 feet of limestone, underlain 
by 3 to 3^ feet of blue shale, and this in turn is underlain by 11 to 
J2 feet of limestone. Other ahalea outcrop beneath the lower lime-. 
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stone but are not at present used in the cement plant. Analyses of 
the raw materials, made by W. E. Prfissing, follow: 

Analy$et of cemtnt Trtaterialt from LatalU, lU. 



eiUck(BIOi) 

AlumlDS (AhOi) 

Iron oilde (FeiOi) 

Llme(CaOJ 

Uun^(%0) 

Cirbml dii^* (CO)). 
Water 



)-■' 



The plant of the Marquette Cement Co. is at Dickinson, about 5 
miles south of Lasalle. The limestone used is derived from the two 
heavy beds in the "Coal Measures." (See sections, pp. 141, 143.) 
The shales which occur below the limestone, as noted in these sec- 
tions, are quarried to complete the mixture. Analyses of the raw 
materials used are as follows: 



Analyttt nf ct 



naUriaUfrom Didniuon, Illfl 



Silica (BiOt) 

AlumlDt (AhOi) 

Iron oilde (FeiOi) 

Lime<C«o3 

MwnretotfigO) 

flulpliur(8) 

CuboQ dioxide (COi).. 



1. Kept. U. S. Geo). Surra;, pt. S (ooDt'd), UM, p. H4. Anslrsii farnlahed bf Ibe 



Of the two remaining Portland cement plants in Illinois, that of 
the Universal Portland Cement Co. at South Clucago uses a mixture 
of blast furnace slag and crushed limestone from Fairmont, HI., and 
that of the Sandusky Portland Cement Co., at Dixon, Lee County, 
uses a mixture of Quaternary clay and limestone, the latter being 
Ordovician limestone and of the same age and type as the so-called 
"^ass-rock" of Wbconsin (p. 371). 

Coal is the kiln fuel at all the Illinois plants. 

BIBUOaBAPHY. 

In addition to the papers listed below, data on limestones and days 

are scattered through the reports issued by both the earlier and the 

present Illinois Geological Survey. 

Blbininobh, a. v., Links, £. F., and Latiuh, F. E., PwUand cenunt reaourcea 
of Illinois: Bull. Illinois Geol. Survey No. 17, 1912. 

BuRCHARD, E. F., Concrete materials produced in the Chiceigo diatrict: Bull. U. S. 
Gi'ul. Survey No. 340, 1907, pp. 383-410. Also Bull. Illinoia G«ol. Survey, No. 8, 
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POBTIiAJfD CEMENT RESOURCES OF INBIAKA. 
FOBTUUTD CEMENT HATBSIALS. 

In Indiana certain limestonea that contain only small amounts of 
magnesia seem worthy of consideration as Portland cement material. 
These are contained in the Cincinnatian shales and limestones, the 
Misaissippian limestone, the Fennsylvanian limestones ("Coal Meas- 
urea" ; see PI. XV, p. 300), and the fresh-water marb of Quaternary 
age. Of these four possible sources of cement material the Missis- 
sippian limestone and the Quaternary marl are now used by cement 
plants in Indiana. 

OINOIHNATUK SHALES AND LOTBSTONBS. 

The Cincinnatian series is found only in southeastern Indiana, 
occupying part or all of the counties of Union, Wayne, Fayette, 
Franklin, Dearborn, Ohio, Switzerland, Ripley, and Jefferson. In 
this area it is made up of bluish thin-bedded limestones interbedded 
with soft bluish-green calcareous shales. The lower 200 feet con- 
sists almost entirely of shaJe, and the next 200 feet contains more lime- 
stones than any other part of the series. Locally, in Clark and 
Jefferson counties, toward the top of the series, massive sandy lime- 
stone beds, brownish in color, occur. 

No analyses of the limestones and shales of this series from Indiana 
localities are available, but a number of analyses of similar materials 
tmm adjoining areas in Ohio and Kentucky are given on pages 
189, 300. 

uasiasippiAii ("loweb oakbonifbboits") UMEaroNEa and shaiab.' 
roMiATiom. 

As shown on the geologic map (PI. XV), the Mississippian rocks in 
Indiana lie in a belt averaging 20 miles or more in width and extend- 
ing from Ohio Biver in a general northwesterly direction to the 
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Illinois line. Another area underlies Elkhart, Lagrai^, and St. 
Joseph counties, in the extreme northern part of the State. 

The Mississippian rocks as thus mapped include Beveral distinct 
formations. Beginning at the top these are (a) Chester group (sand- 
stones, shales, and limestones), {b) Mitchell Umestone, (c) Spergen 
limestone (known to the trade as Bedford oohtic limestone), (d) 
Harrodsburg limestone, and (e) "Knobstone" group (shalee and 
shaly sandstones). 

CHEsnut eaoirp. 

The Chester group, which includes several beds of hmestone inteiv 
bedded with sandstones and shales, is 100 to 150 feet thick and is imme- 
diately overlain by the heavy sandstones of the Pottsville forma- 
tion. In view of the nearness of the thick and valuable Mitchell and 
Spergen limestones it seems improbable that the limestones of the 
Chester group will become of importance as cement materials. 



The Mitchell limestone, lying below the Chester group and above 
the Spergen limestone, consists of thick limestones with some thin 
beds of shale. It ranges in thickness from 150 to 250 feet. 



SFXRQUr UXSBTOn. 



The Spergen limestone varies in thickness from 30 feet, or even less, 
to 90 feet, the greater thicknesses lying between Bedford and Salem. 
The Spergen is the well-known ooUtic rock known to the trade as 
Bedford oolitic stone — a creamy white Limestone, soft when freshly 
quarried, but hardening rapidly on exposure. 



HAMKODSBTTKa LDttSTOHX. 

Und^lying the Spergen limestone is the Harrodsburg limestone, 
which ranges from 30 to 100 feet in thickness and is made up mostly 
of limestones, with scattered thin beds of sbale. 

"XHOBSTOVZ" OKOTTP. 

The lowest division of the Mississippian series, the "Knobstone" 
group, ia about 400 feet in thickness and is made up of shales and shaly 
sandstones. The "Ejiobstone" is of interest in the present connec- 
tion because the shale used at one of the Portland cement plants of 
the State is derived from it. 



The composition of the Mississippian limestones of Indiana is 
shown by the following analyses, most of which are of the Spetgen 
hmestone ©edford ooUtic limestone of the trade) : 
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INDIANA. 
Analy»t* of MuHitippian limetUmafrom Indiana. 
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1. Cblewi A Bedford atoie Co,, Bedford, Uiwrenre Connty. Elgbtb, f 



» Ibibia Cki., eUnesvlUe. Report of a nolocto rsoomabaMice 
• Idem, l»H,jp. 144. 

— qaan;, Hanlwin CoontT. Idun, 1S78, p. 00. 
w. A. Hoyn.BiM^Tst, Twontr .i, =— 



— _ yn.BiNUfst, Twonty^Bvenl 

10. Acme Bedlord Stone Co., dear Creek, Uonroe 
TCT.Ig. (oontinDed), ' "" 



InSLu, im, p. i37. 
Dept. Oeology, 1002, p. 96. 



Villoy. 

.lo^^naStoaeCo., Bedford, lAwrenoeCoimty. W 
Twin CoKk Stone Co., Salem, Wwttinnos County. 

« ..... „. .!•_ _ (;„mj(y 



Noyea, analyst. Twsnty-flnit Rept, Indiana Dept. 

Noyes, analyst. Idem. 
1 « — 1_. ]de 



^foyos, analyst. Idem, 
I. Noyes, analyst. ''' — 



W,Cl»rkB,analyif. BuU.U.S, 
Stone Worki, Big Cnek. L. H. Btnaker, analyst. Twenty^nt Rept. lodlana 



Ko. 43, 1887, p. IM. 

17-48. IndluB Sti 

Dept. Oeolagy, 1807, p. 31% 

LIMESTONES OP THE PENN8TLTANIAN BEBIES ("COAL UBASDEBS"). 

Limestone beds occur in the "Coal Measures" of Indiana, but 
details r^arding their distribution and composition are lacking. 
The Pennsylvanian limestones in adjacent portions of Illinois are dis- 
cussed on page 143. 

FBESH-WATER UAKL8 OF QUATERKART AOE. 

A very detailed report on " The lakes of northern Indiana and their 
associated marl deposits" has been made by W. S. Blatchlej and 
G. H. Ashley,* who have described and mapped aU the known marl 
deposits in the State. The following data are abstracted from their 
report: 

Marl deposits of sufficient size to justify the erection of Portland 
cement plants occur in Indiana in the three northern tiera of counties 
only. The largest of these deposits, so far as area is concerned, is in 
Lake Wawasee, which contains about 1,700 acres, and the thickest 
deposit (45 feet) is reported from Turkey Lake, Lagrange County. 

A deposit of marl covering 160 acres and 10 feet thick will supply 
for 30 yeais a cement plant producing 500 barrels a day. Thirty- 
three deposits of this size or greater are described in the report. The 

> TwiDty-flfth Ann. Sept. Indiana DapL Qeoloc;, 1001, pp. 31-3n. 
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names and locations of the lakes contuning these workable deposits 
fire as follows: 

Lalxi cumtaxning marl depotiU in Indiana. 

1. Hog I^ke, Steuben Ooimty, 2 milea weot of th« village of Junestown, JuaeatGurn 

Township. 

2. Lime lAke, Steuben County, 1 mile northwest of Orlond (Uill Giove Towiuhip). 

3. Cleftr lake. Steuben County, In eeca. 19 and 20, T. 38 N., R. IS B. (Clear Lske 

TowMhIp). 

4. Shallow and Deep lakes, Steuben County, sees. 6 and 7, T. 37 N., R. 12 E. (lackaon 

TownAip). 

5. JamCB Lake, Steuben County, 3 miles northwest of Angola. 

6. Gage Lake, Steuben County, sec. 35, T. 38 N., R. 12 E. 

7. Silver lake, Steuben County, 4 miles woat of Angola. 

S. ShipdkewauB I^ke, Lagtange County, three-fourths of a mile west of Shipsbewana. 
9, Cedar and Grass. lake«, Lagrange County, 3 miles northeast of Lima. 

10. Pish I>ake, Lagrange County, S miles southeast of l^grange. 

11. Turkey Xiske, Lagrange County, near Stroh. 

12. Waldron Lake, Noble County, S miles west of Rome City. 

13. Eagle Uke, Noble County, sec. 6, T. 34 N., R. 9 E. 

14. Deer Lake, Noble County, sec. 2S, T. 34 N., R. S E. (Spaita Towndiip). 

15. Crooked Lake, Whitley County, seca. 3 and 4, T. 32 N., R, 9 E. (Thorn Creek 

Township). 

16. Loon Lake, Whitley County, 9 miles northwest of Columbia City. 

17. Simonton Lake, Elkhart County, sees. 13, 14, 15, 16, and 17, T. 38 N., R. S E. 

(Osolo Township). 

18. Indiana Lake, Elkhart County, northweat of Bristel. 

19. Turkey Lake, Kosciusko County, near Syracuse. 

20. Syracuse Lake, Kosciusko County, near Syracuse. 

21. UiUord Lake, Kosciusko County, 4 miles southeast of MUford. 

22. Tippecanoe Lake, Kosciusko County, three-iourths of a mile southeast of BCiUord. 

23. Barbee Lake, Kosciusko County, 3 miles aoutheast of Osw^^o. 

24. Little Eagle Lake, Kosciusko County, 3) miles northeast of Warsaw. 

25. Center Lake, Kosciusko County, Warsaw. 

26. Winona lAke, Kosciusko County, 1 mile southeast of Warsaw. 

27. Hanitou Lake, Fulton County, 1 mile southeast of Rochester. 

28. Masinkuckee Lake, Marshall County, sees. 15, 16, 21, 22, 27, 28, and 34, T. 32 

N,, R. IE. 

29. Eoughton Lake, Marahall County, sees. 7 and 18, T. 32 N., R. 1 E. (Union 

Township). 

30. Chain Lake, St. Joseph County, 5 miles west of South Bend. 

31. Du Chemin Lake, Laporte County, 11 miles northeast of Ijkporte. 

32. Fish Lake, Laporte County, Fiah Lake station. 

S3. North Judsan Marsh, Starke County, 3i miles west of North Judson. 

Descriptions are also givea of a number of other marl deposits, 
which, though of sufficient size, have the larger part of their area cov- 
ered by 10 feet or more of water, and are therefore not workable 
under present conditions. 

The composition of these marls ia shown by the following table:' 

1 Tmnty-anti Ann. Kept. Indiaoa DcpL Omkic;, IMl, p. 3U. 
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AntUj/ta of Quaternary marUfmm Jnduma. 
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I. Hog LakF, StenbRi Conntf . 

I. LlDM Lake, Btcuben Count;. 
1 DecpLnke, StmbenCountT. 
*. Junes Lake,BlenbniOinntj. 
b. Silver I«ke,BI«ilKn Countj. 
e. Loon Lkke.^WUtleT Ctnmtr. 
T. Uud Lake, Elkhart CiNmtT. 
S. Cooky L^ ElUuit Couaty. 

>■ ByrauusB Lake,KaaclaAaCMiiit]'. 
10. Dnrart Lake, Kndiuko County. 

II. Dewan Lake, Eosdoako CouDty. 
, ... ._^. ^ — ■— [oCoonty. 



Lakf , Eh 



IJ, TIpwcai. , __„ ,. 

U. UtUe Ragle Lake, Koeduako Coimty. 
IS. Uaniloo I^e, Fulton County. 

18. UaxlDkuokee Lake, ICanhaU County. 
17. HailiikiKkee I«ke, Hanhall County. 
IB. UaxlnkDCkee Lake, Mvahall County. 

19. Houghton and Hoon lakea, Harabsll Coui 
sa Notre Dame Lake, St. JooBJai County. 
" Chain and Baas lakea.^Bt, Joseph County. 



23. N<athJ 



d Baas lakes, Bl 

-*farah,8t. Joi-_ ,. 

in Uanh, Blwke County. 



FOBTZiANB CBMENT INDnBTBT IN JXmiASA.. 

Indians now ranks second only to Pennsylvania as a Portland 
cement producer, the output of the State during 1911 ha.ving been 
about 7,500,000 barrels, produced by five plants. The earliest 
established plants were those of the Sandusky Portland Cement Co., 
at Syracuse, the Wabash Portland Cement Co., at Stroh, and the 
Lehigh Portland Cement Co., at Mitchell. Of these the first two 
mentioned operated on a mixture of marl and clay, and the one last 
named used hard limestone and shale. 

During the past few years three other plants have gone into opera- 
tion in the State. That of the Louisville Cement Co. is at Speeds, 
near the Ohio River, in the natural-cement district of southern 
Indiana; that of the United Stat€s Cement Co. is at Bedford, and 
that of the Universal Portland Cement Co. ia at Buffington. Of 
these three newer plants two use a mixture of limestone and shale, 
and the third operates on a mixture of blast-furnace alag and 
crushed limestone. The plant at Bedford was not operated in 1911. 

Analyses of the raw materials used and of the product turned out 
at 8avffl*al of the Indiana plants follow. 
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Analfta ofmie mataiaU and (tmentfitm Syraaue, Ind. 
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■ CiSOi, I^ pNcent. 
I. Uui. Twaatr^Oflb Ann. R«pl. iDdUniDcpt. 0«olciC7<l)(*),p.lS. 
t. Hul. Nineteenth Ann. Rept. U.S. a»I.SurTeT,pt.6(coDtliiu«d), ISM, p. MS. 
I.Clay. T«SDt7.flftb Ann. Kept. Indiana Dept.aeologTiltOliP-ZS. 
I. Cement. Idem. 

Analyia of raw materiaU <md eemenlfivm Sbvh, lad. 
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s. Cement. Idem. 
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Analytft o/mw materiaUfor oemadfivm Uitdull, Ind. 
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AlumlnXAIiO))... 
IronDxida(FeiO)). 

Liine(CsO) 



> With TiOi, I.U prr (vDt. 

1. Llmntmn. F. W.CIvke,aiul7M. SpeclnwDCoUecIed by E.C. Eckel. 

2. Sbale. T«ent;4lxtb Ann. Rept. Indiana Dept. an>loe7,p. 276. 

BIBXJOaBAPHT. 

Tho following papers relate to the raw materials or th© manufacture 
of Portland cement in Indiana: 
Blatchlby, W. S., Preliminary report on the clays and clay industriee of the ccbI- 

bearing counliea of Indiana: Twentieth Ann. Rept. Indiana Dept. Oeo](^, 

1896, pp. 24-187. 
Claye and clay industries of northwestern Indiana: Twenty-second Ann. 

Rept. Indiana Dept, Geology, 1898, pp. 105-153, 
Portland cement (in Indiana): Twenty-fifth Ann, Rept. Indiana Dept 

Geology, 1901, pp. 1-30. 



Google 



IOWA. 169 

BuTGHixT', W. S., Oolite asd oolitic atoae for Portland cement maDufftcture: 

Twenty-fifth Ann. H«pt. Indiana Dept. Geology, 1901, pp. 322-330. 
and Aataxr, O. H., The lakes oi northern Indiana and their associated marl 

depoeilB: Twentj'-fifth Ami. Rept. Indiana Dept. Qetdogy, 1901, pp. 31-321. 
HoFEiNB, T. C, and Sibbbnteal, C. E., The Bedford white limestone of Indiana: 

Twenty-first Ann. Rept. Indiana Dept. Geology, 1897, pp. 291-427. 
LATBBDRr, B. B., and Sfackhan', H. S., The Wabash Putland Cement Company, 

Stroh, Ind.: The Rotary Kiln, 1902, pp. 128-133. 
SiEBENTHAL, G. E., The Bedford oolitic limestone (Indiana): Nineteenth Ann. Rept. 

U. S. Geol. Survey, pt. 6 (continued), 1898, pp. 292-296. 
Uddbn, J. A., The Oolitic limestone induatry at Bedford and Bloomington, lad.: 

Bull. V. S. Geol. Survey No. 430, 1910, pp. 335-345. 

POBTLAND CEMENT RE80TTRCE8 OP IOWA. 
FOBXIiAND GBMENT HATEBIAXB. 
The Stftte «8 « wbole. 
In the preparatioa of the following statement concerning the 
Portland cement reeources of Iowa the section on the cement re- 
sources of the State prepared by H. F. Bain ' has been lai^ely drawn 
upon, most of the matter being quoted entire. 

CHARACTER AND DiSTRlBUTIOK OF MATERIALS. 
It has already been afiown that materials capable of furnishing the 
silica and alumina necessary to the manufacture of Portland cement 
are widespread and that the location of new plants is apt to be deter- 
mined by the presence of suitable calcareous deposits and favorable 
industrial conditions. Iowa affords no exception to these general 
rules. Practically all parts of the State contain shales or clays 
which might, if neceesary, be used as one of the constituents of a 
cement mixture. The indurated rocks from the Ordovician to the 
Cretaceous afford shales of wide distribution and excellent character. 
The surface formations supplement these resources with loess, 
alluvium, and certain minor bodies of water-laid clay of glacial 
derivation The calcareous constituent of cements may be derived 
from marls, chalk, and limestone, all of which occur within the 
State, though in very unequal importance. Material suitable for 
use in the manufacture of Portland cement can be found at almost 
every point in the State. (See PI. VI.) 

CALCAREOUS HARL8. 

North-central Iowa is covered by Wisconsin drift ' and is dotted 
with numerous smAll shallow lakes resembling in appearance and 
genesis those of Michigan. From time to time small amounts of 
marl have been reported from these lakes, but so far no bodies of 
commercial importance have been located. It is not impossible, 
however, that such may be found. 
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CHALK DEFOSrrS. 

The Cretaceous deposits which cover the weatem third of Iowa 
include iaiportant bodies of chalk. With but two unimportant 
exceptions, however, the outcrops are confined to the valley of Big 
Sioux Kiver between Sioux City and Hawarden. These chalk beds 
received some attention in the course of the early geological surveys 
of the region and have been reatudied in late yeara by Calvin,* 
Bain,' and Wilder.' 

The chalk forms prominent bluffs at intervals and may be well seen 
near Westfield, Akron, and Hawarden. It was referred to the 
Niobrara limestone until Wilder discovered fossils characteristic of 
the Benton in the shale above, thus proving that the chalk is the 
equivalent of the "O^ter Shell Rim" of the Black Hills or the 
Greenhorn limestone. 

A thickness of 20 to 30 feet is ordinarily seen in individual expos- 
ures, but a total thickness of 50 feet is probably present. A general- 
ized section may be given as follows : 

Section of Crelaeeout ehaUi bedt. 

Feet. 

1. Chalk 4-6 

2. Limestone, soft, Hplitting into thin slabB, aod crowded with ihelk 

ol Intxtramut 12 

3. Chalk 12 

The interbanding of thin-bedded limestone with the chalk, as in 
the foregoing section, is characteristic. Both materials are soft 
and grind easily. Almost no magnesia is present, and some of the 
chalk beds themselves carry enough or more than enough clay to 
make a good cement mixture. Excellent clays occur everywhere 
immediately above or below and are now being used at Sioux City 
and elsewhere in manufacturing a wide variety of clay products. 

Analyta of Iowa cftolb. 
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I. Chalk rock, HBWBrdeu.Iowa. Newbcny, analysl. 

a. Cbftttr(idt,Westaeld,low». Weema, analysl. 
a. Cbalk TQck, Lonan, linra. Wtems, ukalpt. 

• C«lvin, B., Cretaceous deposits ol Woodbury and Plymouth counUe!, etc.: low* Oeol, Survey, vol. 
1, 18S3, pp. 147-161. 

* Bain, H. F., Crelsceaiii deposlls ol the Sioux Valley: Iowa Q 
Oeology ot Woodbury County: IdeiD. vol. 5, ISM. pp. 173-275, IBS-IM 
vol. 8, IWB, pp. M4-360. 

■ WOdv, F. A., OtolDcy o( Ljim tnd eioox counties: lam Oetd. Sumy, mi. 10, 1800, pp. lU-Uii, 
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LIHEaTONES. 

Nonmagnesian limestones are found in Iowa in the Ordoviciaiij 
Devonian, fmd Carboniferous. The hmestones of the Cambrian and 
Silurian are, without important exception, highly magneeian. Thoee 
of the OrdoTician are predominantly magnesian, though an exception 
occurs in the case of the beds formerly mapped and discussed under 
the name "Trenton." In eastern Iowa the dolomites and magnesian 
limestones have heretofore attracted more attention than the non- 
iDBgnesian rocks, and flourishing lime and building stone industries 
have been founded upon them. Limestone of one class or the other 
occurs in all of the eastern and most of the southern counties. In 
the northwest the covering of Cretaceous and Pleistocene deposits 
limits the outcrops to a few deep stream valleys. (See Fl. VI.) The 
transportation facilities available at each point may be best learned 
from the topographic map of the State. 

OXSOVIOIAir UKZBTOnB. 

Below the Devonian but one limestone at all suitable for Portland 
cement manufacture outcrops in Iowa. In the past it has been 
called "Trenton" limestone, but it is now known as Flatteville lime- 
stone, the local name being employed because it is now known that 
the formation is not the same as the Trenton limestone of New York. 

It occupies portions of Dubuque, Clayton, Fayette, Winneshiek, 
and Allamakee counties.* 

The strata included in the Flatteville limestone are in the main either 
Donmagnesian or only slightly magnesian. In composition as in 
geologic position they are almost exactly equivalent to the famous 
cement rock of the Lehigh Valley, from which one-third of the Fort- 
land cement of the United States now comes. 

Excellent exposures of the Flatteville occur along the Mississippi 
River and its tributaries in the counties named above. At Specht 
Ferry, in Dubuque County, the following section was observed: 

Specht Ferry tectum. 
Galena doloini te ; Peat. 

1. Dolomite, thiD bedded, brown, with ehaly putinge 4 

2. Limestone, thin bedded, imperfectly dolomitized, ffith fo«l bnch- 

iopod sbells only sli^tly ctumged; the limestone brown, earthy, 
noncryBtalline 3 

3. Thick, eftrthy, imperfectly dolomitized beds 3 

4. Thin limestone beds with much ah&le in the partings; in part a true 

diale 5 

6. Limestone, bluish and rather coarse grained; » few foaaik 4 

6. limestone similaf to above 3 

7. limestone similu to above 18 

' Foe Um tB(itog7 of '11— "fc— County na Iowa Oaol. Survey, vol. 1, IW, pp. U-13(); Urn Dubuqus 
CoDDtT tu Idon, Tol. 10, IBQO, pp. )7>-«tl; lor FayatU Count; na Idam, vol. IS, 1904, 19. 4M-W: kt 
WtamihU ud dayla) oaanUs Ma Idem. vol. 19, isot, pp. 37-iM, and Ii3-aa7. 
48834°— Bull. 622—13 11 
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DecoTsh ah&le: 

8. Shale, bluish or greeniah, conUuniag enme thin beds or discontinuous 

Bakes of limestone; the "Green shales'' of the MinneaatSi geologifls, 

now known as Decorah shale 12 

PUtteville lineBtoDe: 

9. Limeelone, thin b«dded, bluish, nther cause gnioed, wealheriiig 

brownidi in color 5 

10. Limestone, in rather heavy layers, which range up to 15 inches in 

thickneee; blui^ on freeh fracture, but weathering to buff on ex- 
posure : 5 

11. Limestone, brittle, fine grained, blue, very fossiliferous, bisaking up 

on weathered surfaces into fleiuous Uy«rB about 2 inches in thkk- 

nefls M 

12. Lower buff beds, exposed, about 8 

13. Unexposed to level of water in river ^5 

The Decorali sh&le (No. 8 of the above section) aod the limestones 
above and below were sampled and analyzed by Limdteigen with the 
resulte given below: 

Analysts of PlalteiilU Umestoru, Galena dolomiir, and Decorah ikaUJrnm Sperht Peny 
xrrlinn. Iwa. 
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Though the magnesia in certain of these beds is higher than is 
desirable, a lai^e amount of rock, no higher in that constituent than 
that elsewhere uaed, is available. It ia probable that careful search 
would locate even better beds at the same horizon farther north. 



OZVOHIAH I-DUBTOmS. 



Beds rep resenta live of both Upper and Middle Devonian exist in 
Iowa. The former inchides the State quarry limestone of the Iowa 
State Survey in Johnson County,' the Sweetland Creek shale in Mus- 
catine County,' and the Lime Creek shale. The larger portion of 
the Iowa Devonian section, however, belongs to the Middle Devonian, 
which ia represented over large areas by the Cedar Valley limestone 
and the Wapaipinicon limestone. In places these formations have 
been subdivided and individual members have been mapped. The 



.., Qcolocr or MiuntJae CooDly: Idem, vol. B. VSK, pp. 217-388. 



Lime Creek shale and Wapeipinicoa limestone each includes some 
magneeian rock, but in general the Devonian limestoDes in Iowa are 
characteristically free froni magnesia. 



WAPSIPIKICON 

The Wapsipinicon limestone was first discriminated hy W. H. 
Nortcfti, who has discussed it in considerable detail and has mapped 
subdivisions of it in Linn,' Cedar,* and Scott ' counties. J, A. 
Udden has discriminated it in Muscatine County,' and Calvin has 
mapped certain members belonging to it in Johnson ' and Buchanan * 
counties. In the northern portion of the State there is an overlap, 
and the Wapsipinicon does not appear at the surface. 

The formation includes some shale and some very pure Umestonea, 
but magnesia is apt to be abundant in almost any section, and careful 
sampling will be necessary to determine the availability of the rock 
at any given point. The Fayette breccia of McGee, which forms the 
upper member of the Wapsipinicon, includes near Rock Island a 
Yery pure limestone, as is shown by the following analysis: 

Analysii of linuittmefivn upper part of Waptipinkon UTnabme.' 

Inaoluble 0.42 

Iron (a« c&rbonate) 36 

Lime carbontte (C»CO,) 98. 77 

LcWB, Alkaliee, etc 45 

Samples of the Otis and Kenwood beds of the Iowa State Geologi- 
cal Survey from a railway cut 2 miles north of Cedar Rapids showed 
30 much magnesia as to preclude the use of the rock. 



The most important formation of the Devonian of Iowa, whether 
measured by areal extent or by thickness, is the Cedar Valley lime- 
stone. It extends from Muscatine County on the Mississippi to the 
Mimiesota line in a bro^d belt trending northwest. It has an esti- 
mated maximum tliickness of 300 feet and rests to the southeast on 
the Wapsipinicon limestone. To the northeast it comes by overlap 
to rest on the Maquoketa shale.' To the southwest it is in turn 
covered by rocks of the Mississippian series. To the northwest the 
Lime Creek shale intervenes between it and the Mississippian. 

In the southern portion of the area of outcrop the Cedar Valley 
limestone is characteristically a noniuagnesian limestone, which is 

■ G«idogy o! Linn Counly: leva Qtol. Snrrer. vol. 4, 180S, pp. I21-1M. 
'QtologjotCeitiCtnaij: Idem, vol. U, 1901, pp. 279-396. 

• Ocolotr or Sostt CouDt;: Idam, voL 9, 1999, pp. lat-mo. 
•OwlogyofHoKalfaMCoaDtj: Idam, vol. B, 1899, pp. 248-388. 
'OnlocyodaliiuiHiGonDt;: Idem, vol. 7, 1897, pp. a3-lie 

• G«i4ocT <>' Buduaan Couaty: Idem, vol. 8, US8, pp. aol-aSS. 

I HiD, Juutf, Rapt. a«oL Svrvj lorn, vol. 1, pt. 1. 1»8. p. 3Ti. 

• CilvlD, 8., Gcol^ nl Hswtid CauBt;: lowi GnI- 6uzvv, vid. U, 1903, pi 
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generally fine grained and breaks with a sharp conchoidal fracture. 
This phase of the formation is excellently exposed in Johnson County. 
The following analysis ^ras made by George Steiger, in the laboratory 
of the United States Geological Survey, from an average sample rep- 
resenting the rock quarried at Iowa City, Johnson County, where a 
total thickness of about 50 feet ia exposed. 

Ajialyiu of Cedar Valley Mnudone at lou/a CUy. 

SiUca(SiO,) 3.08 

Alumina (Al,0,)' 1. 24 

Iron oxide (Fe,0,) 73 

Lime{CaO) Sft.30 

Magnesia (MgO) 2.22 

Sulphur trioxide (SO,) 06 

Toward the north the limestone becomes more magnesian until in 
Howard County it is a massive dolomite which has been mistaken for 
Niagara dolomite. About midway the rock haa been extensively 
quarried at Independence and Waterloo, where it is a soft easily 
crushed limestone, apparently nonmagnesian in character. At 
Waverly it is soft, thin bedded, and exposed to a total thickness of 
about 50 feet. Analysis of two separate beds, by Lundteigen, gave 
the following results : 

Amdyiet of Cedar Valley linatone at Waverly. 




I 10.91 



Still farther north, in Mitchell County, the limestone has attracted 
attention because certain beds are lithographic' The following 
analysis, made by A. B. Hoen, su^ests that at least some of the 
stone is sufficiently free from magnesia to be suitable for cement 
material. 

Anaiynt of Cedar Valley limtslone, Mildtell County. 

Silica (SiO,) 0. 78 

Alumina (Al,0,) '. 12 

Linie(CaO) 54.91 

Hagnesia (UgO) 07 

Soda (Na,0) 18 

Potaah(KsO) 11 

Carbon dioxide (CO,) 43. 1« 

Water (H,0) 35 

■ Witb Iba AliOi k EncludFd an; TIO, or P|Oi preieiit. 
• lom QtaS. Survey, vol. IS, 1801, pp. SSS-Sfil. 
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A number of fine exposures show 10 to 15 feet of the nomnsgnesian 
beds. Not all this rock is free from cracks and crystals, but it is 
alt similar in composition to the sample analyzed. At the Gable 
and other quarries practically no stripping is necessary, and in the 
vicinity loess clay is abundant, 

LIMk OBXKX BHAIiK, 

The Upper Devonian of Iowa is well displayed in Cerro Gordo 
County and has been discussed and mapped in Calvin's report on 
that area under the name Lime Creek shale.' He gives the following 
general section of the formation: 

Qtntral itetion of the Lime Orttk thale. 

1. Oakvreotu beds, light gray in color 20 

2. llagneBtftD riuleauid ai^laceoiu dolomites 30 

3. Limestone with slender Idioetnxna 4 

4. Fossil if eroua calcareous shales 20 

5. Yellow nonfosdliferouB shales 10 

6. Blue nonfoflsiliferous shales 40 

N'os. 4, 5, and 6 of this section make up the Hackberry substage of 
the Iowa State Survey, and the remaining beds represent the Owen 
subetage of that Survey. 

The shales constituting the lower portion of the foregoing section 
are used at Mason City for the manufacture of clay goods. ' Their 
noncalcareous portion is represented in the following analysis, made 
byG. E.Patrick: 

Analyna of dan /Torn Lime Crtek ihate at Mamn CUy. 

Silica (SiOj) 54. 64 

Alumina (Al^,) 14. 62 

Iron oxide (ralcutaled as Fe,0,) 6, 69 

MaDganeae oiide (calculated as MnO) 78 

Lime (CaO) 5. 16 

Magnesia (MgO) 2.80 

Soda(NasO) 1.12 

Potash (KjO) 4.77 

Carbon dioxide (COj) 4. 80 

Hygrosn^ic wat«r (expelled at 100° ('.) 85 

Combined water (expelled by iguititm) 3.74 

&9.05 

The beds above contain considerable Ume. In the vicinity of 
Mason City, where they outcrop, there are extensive exposures of 
the nomnagnesian beds of the underlying Cedar Valley, and it should 
be possible to combine the two to advantage. 



■ a«slafTo(Can«aonloGouiilji Iowa Oeol. Sumy, vol.7, IW7, pp. I 
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Carboaiferotis rocks underlie a large portion of Iowa. They 
include limestones, sandstones, shales, and coab. Very few of the 
limestones are magnesian, and because of this fact, as well as because 
of their excellent situation with reference to Fuel and transportation 
facilities, it seems not Improbable that time will see the development 
of a considerable cement industry based upon them. 

Of the three series into wliich the Carboniferous has been divided, 
two— the Misaiaaippian and the Fennsylvanian — are represented in 
this State. The Mississippian has been divided into the Kinder- 
hook group, Osage group, and "St. Louis limestone," each con- 
tainiog important limestone beds. The Fennsylvaniau includes the 
Des Moines group Qower roal measures) and the Missouri group 
(upper coal measures). The lower coal measures include most of the 
coal beds worked in the State but very little limestone. The beds 
outcrop ' in a broad belt between tlie limestones of the Mississip- 
pian series to tlie east and the caicareoua shales and thin limestouea 
of the Missouri group, (See PI. VI.) 



The Kinderhook group forms tjie lowermost division of the Car- 
boniferous of Iowa. Its principal formation is a soft argillaceous 
sbale, which is exposed to a thickness of 60 feet at Burlington.* 
Above the shale are about 50 feet of sandstone and limestone belong- 
ing also to the Kinderhook group. In general, the beds are not 
well exposed and in the southern area of outcrop are not likely 
to be of importance In cement manufacture, except as a source of 
clay to be mixed with the overlying Burlington limestone. Farther 
north, in Marshal) County, limestone is extensively developed. It 
is quarried at Le Grande. 

The analyses following, by G. E. Patrick, indicate that a consider- 
able portion of the limestone of the Eanderhook group is stiitable for 
cement manufacture. 

■ RepDTta upon most of Uia cauntlaa In which Cbm CarbcmUanu rooks ace preaent will lie tmuid in tbe 
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Analyte* of Knutlone Jrom Kinderhool group atXegrand, Iowa. 
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Associated with these beda are certain others which are more 
magneaian, but which happen to be in demand as building atone. 
Possibly a combination of industries could be based on this asso- 
ciation. In Hardin County there is a considerable thickness of the 
rocks with some associated shale. Still farther north and.weet the 
Kinderhook group outcrops but without exposing any great thickness. 
Though much of the limestone of the Kinderhook group is mag- 
nesian, it is believed that in localities where other conditions are 
favorable the group warrants prospecting and testing. 



The Osage group includes formations which have been widely 
known as the Keokuk and Burhngton limestones. It consists for 
the most part of coarse crinoidal limestone, white, nonmagnesian, 
and with chert in nodules along bedding planes. The limestone, in 
the upper portion especially, is associated with abundant ai^Uaceous 
shale, and outcrops in many steep bluffs, at the foot of which the 
shales of the Kinderhook group are available. The beds are best 
exposed in Lee and Des Moines counties but occupy portions of 
Louisa, Washington, Henry, and other counties in the southeast. 

At Burlington, in the south bank of Cascade Hollow, the following 
section was measured by T, E, Savt^e: 

Caaoadt BollaV! jwcfion. 

pMt. 

1. Fioe^miiuid, homogeneouB soil material; witliout pebbles, dark colored 

above, grading down to yellow below 4 

2. Clay, reddieh-brown, with pebbles and small bowlders ot granite and green' 
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3. LimeBfame, much decAyed, in layers 1 to 4 uichea thick; nuffleroua chert 

nodules 5 

4. Chert I 

5. Limeetone, cTinoidal, cooTK Joined; layers 4 to 8 inches thick 4 

6. Limestone, crinoidal; with chert nod ulea 1 

7. Limestone, coarse, crinoidal; at places mawive, at others weathering into 

layers 3 to 12 inches thick containing numerous fosmls 10 

An average sample of the limestone of the Osage group was analyzed 
by Geoi^e Steiger in the laboratory of the United States Geological 
Survey with the following results : 

Analyiii o/ Burlington limetUfne. 

SiUca (SitV 5- 18 

Alumina (Al A) ' I 87 

Iron oiidfl {FeA)( 

Lime (QiO) 52.1* 

Magnesia (MgO) 40 

Sulphur trioxide {80J "O 

The beds outcropping at this point are thoroughJy representative 
of the limestone of this formation. Greater thicknesses are exposed 
at other pointe, and the total thickness has been estimated to be 
about 250 feet. 

"sT. Loria uiiisTONE. " 

The rocks to which the name "St. Louis limestone" has been 
applied constitute one of the most widely distributed geologic divi- 
sions in Iowa. They rest on the Osage group and lie uucooformably 
below the Des Moines group Gower coal measures). On account 
of their relation to the coal beds they have been carefully mapped 
and extensively studied. In central Iowa they include tlu'ee minor 
divisions, which have been named by Bain, Pella beds, Verdi bedn, 
and Springvale beds. The latter two are of small outcrop and are 
in general not of suitable composition for cement manufacture. 
TTie beds first named are more important, outcropping widely and 
being excellently adapted to cement manufacture. They fringe the 
productive, coal measures on the east and occur within the gaieral 
area of outcrop of the coal beds as scattered inliera resulting from 
the pronounced unconformity between the Des Moines group and 
the "St. Louis limestone" hills, which rise like islands above the 
lowest coal beds. 

In most places the Pelia beds of Bain show an upper portion con- 
sisting of calcareous marl with some thin beds of limestone. This 
facies is ordinarily 8 to 10 feet thick. Below it are beds of fine- 
grained blue to gray limestone, breaking with clean conchoidal 
fracture, and commonly thin bedded. The rock is very rarely 
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magnesian, and the analysis quoted below is quite repreeentatiTe. 
The sample was taken by T. E. Savage from the Chilton quairj at 
Ottumwa, where the following section is exposed: 

Section in Ckillon qvarry at Olfumwa, Iowa. 

1. Soil, fine jT&med, dork colored, piebbleless 1 

2. Clay, reddidi brown, with pebbles 3 

'i. SandBtone, brown, iron stained, moatly incoherent, but in places indurated 

(Des Moines) 10 

4. Shale, calcareous, wenOierinK into small bita, very fonlliferous 3 

5. Limestone, dense, finegnined, gray 2) 

6. Limestone, ahsly, soft, weathering readily; similar to No. 4 2 

7. Limestone, dense, fine grained, gray IJ 

8. Shale, calcareous 3 

9. Limestone, hard, fine grained, gray, foniliferous 1^ 

10. Limestone, dense, bluish 1 

11. Limestone, dense, fine gmined, bluieli gray, in part massive, in part thin 

bedded, fosailiterous 4 

12. Limestone, hard, gray IJ 

13. Limestone, dense, gray IJ 

An average sample of the limestone in the Chilton quarry was 
analyzed in the laboratory of the United States Geological Survey 
by George Steiger with the following results: 

Analymt of "St. Louts timeitone" at Othimwa, Iowa. 

Silica (SiOa) 6.83 

Alumina (AljO,!' 2. 12 

Iron oxide (FeA) 54 

lJme{OtO) 49.54 

Magnema(MgO) 07 

Sulphuhtrioiide (SO,) 13 

Samples of limestone from Fella, Tracy, Oskaloosa, and Humboldt 
have abo been analyzed, with the following results: 

AnalyMt of lovia limtttimts. 
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Analyses of limestone and interbedded shale from the mouth of 
Lizard Creek in Webster County were made by Lundteigen with the 
following results: 

Analijtiji of limeitonee and ihaU. 





aic(h. 


c^o.. 





















A cement made from this material gave the following anah'sis and 
on test showed satisfactory color, strength, and setting properties. 

AnalytiB of Fort Dodge cement. 

Silica (SiOs) 25.62 

Alumina and iron oxide <AI^, and FeA) 8.80 

I,ime(CaO) 63.48 

Magueoia {M(fO) 1.19 

The material from the Pella exposures has been made up into a 
cement which has good color, ia sound on glass, sets very quickly, 
and has satisfactory strength. The results of these tests, together 
with the fact that limestone of the same age and character is being 
extensivel}' used at St. Louis, ^^o., makes it certain that the so-called 
"St. Louis limestone" can be relied on to furni-sh the calcareous cle- 
ment wherever other conditions are favorable to the establishment of 
cement plants. 



The Des Moines group (lower coal measures) contains very little 
limestone. Its principal importance in the present connection arises 
from the coal and clay which make up so large a portion of the group. 
The clays and shales are extensively used for brickmaking. They are 
available over wide areas and may prove of service in connection 
with Umestones of the formations above and below. 

The following analyses are typical of these clays: 
A-nalyut of brirt clay from Des Mointt group. 
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Near the middle of the Dee Moines group are strata which the Iowa 
geol(^ts have named the Appanoose beds and which have been 
mapped and discussed in comiection with the report on Appanoose 
County. (See Fl. VI.) They include the Mystic or CenterviUe coal 
and certain associated shales and limestones. The tatter are known 
locally, from theit relations to the coal, as the "Bottom rock," "Cap 
rock," "Thirteen-foot limestone," and "Fifty-foot limestone." The 
limestone bed la thin, usually from 4 to 6 feet in thickness, but near 
Rathbun and Clarkdale it reaches a thickness of 10 to 15 feet. It is 
a soft limestone, easily crushed, and because of its close asso<nation 
with clay and a very good coal bed is probably of value. Analyses 
show that it is practically free from magnesia and runs from 74 to 93 
per cent in calcium carbonate. The following analysis, by Lund- 
t«igen, is representative: 

Aiudytit (^ Fyty-foot rock, Rathbun. 

SiUca(SiO,) 9.90 

Alumina (Al^j) I 

Iron oxide (Fe A* ( 

Maeneaia (HgO) TVara. 

Lime carbonate (CaCO,) 83. 37 

InSSOURl OBOL'F. 

Southwestern Iowa is underlain by rocks of the Missouri group 
(upper coal measures), which contains very little coal and consider- 
ably less sandstone than the Des Moines group (lower coal measures). 
The beds are mainly shales and limestones. The latter, being almost 
free from magnesia, in places somewhat earthy, generally free from 
chert, and easily ground, are well adapted to cement manufacture; 
indeed, beds stratigraphically equivalent are now in use at Ida, Kana. 
The most important limestone lies at the base of the group. In 
Madison Ckiunty it includes four separate ledges, which vary in thick- 
ness from 10 to 25 feet and are separated by shale beds 10 to 20 feet 
in thickness and in part calcareous. The rocks are quarried at 
several places, particularly at Earlham, Winterset, and Feru, and the 
same ledges have been recognized as far eonth as Decatur County, 
on the Missouri boxmdary. 

Analyses of individual ledges at Feru, made by Lundteigen, show 
a lime content ranging from 60.50 to 83 per cent. A cement mixture 
made from them gave 75.50 per cent OaCO,. At Earlham the follow- 
ing section was measured by T. E. Savage: 

Section of RoberUon quarry, Earlham. 

Ft. In. 

1. Soil, daAcoImed.fineKnined, pebbleleaB 1 

2. Bowlder clay, redtliah, with pebbles and quartiite fregmentB 1 6 

3. Limestone, yellowish-colored, Kft, aWy; disintegratee readily 4 

4. Limestone, very hard, light gray, fiDegnuned 7 

6, Limeatone, softer, with I e^i perfectly comminuted foaail fraementa .^.. 2 

.oogie 
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6. limestone, hard, white, fine ftnined; separataa in places into three or four 

uneven layen 3 

7. Sbole, soft, c»lc&reouB; wea then rapidly into finebitd 1 

8. Limestone, denee, gray, fine grained; funil fragmeuts abundaot but indis- 

tinct 6 

». Shale, gray {like No. 11) 1} 

10. Limestone, hatd, gray 2 

11. Shale, Bott IJ 

12. Limestone, dense, fine graioed, light gray; in pliu^a roaaeive. again neparat- 

ing into two layers of about equal thickness 1 )t 

13. Shale, soft, gray, very calcareous 6 

14. limestone, impure, grayish-yellow 2^ 

15. Shale, soft, gray, calcareous 7 

16. Limestone, hard, fine grained, light colored; imperfectly separated into 

three uneven Uyera I 3 

17. Maaiive layer, separating in places into two uneven layws with tttaiy part- 

ings between them 1 4 

IS. limestone, gray 1 3 

19. Limestone, gray 1 8 

An analysis of aa average mixed sample of the limestone of the 
section, made in the laboratory of the United States Geolo^cal 
Survey by George Steiger, gave the following result: 

Analj/tii oj MmttUau at Earlham. 

Silica (SiOa) 10.82 

Alumina (Al^O,) ■ 1. 77 

Ironoiide(FejOa* 60 

Lime(CaO) 47.66 

Magnesia (MgO) 75 

Sulphur trioxide (SO,) None. 

The beds in the Missouri group above this basal limestone have not 
been as carefully studied but are apparently similar in composition 
and character. The next higher limestone, which is well developed 
at Dekalb, yielded the following on partial analysis by J. B. Weems: 

ATialyrU of litattlonr/rom Dekalb. 

Iimecarbonate(CftCO,) , 91.96 

Magnesium cai-bonale (l^O,) L99 

Water (H,0) 07 

SUMMARY. 

At many points ui Iowa materials suitable for making cement 
are available. The marls are not known to be important and may 
never prove to be. Chalk found along Sioux River north of Sioux 
City is a soft, easy-grinding material and is a favorite among cement 
manufacturers. The advisabihty of establishing a plant in this dis- 
trict must be determined by consideration of manufacturing costs, 
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of market, and of transportation facilities. In regard to the lime- 
stones the foUowiug general considerations are important. 

Much of Iowa is drift covered ; within the broad areas underlain by 
the several limestones there are really comparatively few outcrops, 
and even where outcrops occur the overburden is in many places so 
thick as to entail prohibitive stripping coats. The best situations are 
in the valleys, generally where some important tributary joins the 
main stream. Fortunately many of the railway lines follow valley 
routes. 

Tbe Platteville limestone (Ordovician) , which occurs in the drift- 
less area, generally outcrops in rather steep bluffs, a fact due to the 
resistant character of the Galena dolomite, which generally overlies 
it. As compared with the other limestones of the region, the Platte- 
ville is the most likely to carry magnesia in excess; but on the other 
band it is practically free from chert, is often somewhat earthy in 
composition, and is intimately associated with shale. As already 
noted, the similar and approximately equivalent beds in the Lehigh 
district of Pennsylvania and New Jersey are a very important source 
' of cement material. 

The Devonian limestones are in lai^e measure free from both chert 
and magnesia, though outcrops in the northern part of the State need 
careful examination to make sure of the absence of the Utter. As 
contrasted with both the Platteville and the Carboniferous lime- 
stones, they are in the main harder, a fact that to some extent influ- 
ences the cost of grinding. 

Of the Carboniferous limestones, the limestone of the Kinderhook 
group is in most places too magnesian and those of the Osage group 
too full of chert for easy use, though it is probable that some suitable 
material can be found in each group. The upper beds of the "St. 
Louis limestone" and the limestones of the Missouri group are entirely 
suitable as regards composition, freedom from chert, and grinding 
qualities. Equivalent beds are now in use in Missouri and Kansas. 
These limestones are, furthermore, excellently situated as regards 
fuel and clay. The productive coal measures (Des Moines group) 
outcrop in a broad belt between the limestones of the Kinderhook 
and Osage groups, and in many sections the upper beds of the "St. 
Louis limestone" and the shales of the Dee Moines group also occur. 
Where the shales are absent, loess, such as is elsewhere used, is nearly 
everywhere present. 

ECONOMIC coiromoNS. 



The coal mines of the productive coal measures (Des Moines group) 
are so situated as to afford cheap fuel to most of the limestone locali- 
ties. (See PI. VI.) This is important, since the fuel cost Umoa 
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approximately 30 per cent of the total cost of manufacture. Iowa 
coal, thou^ not of the highest grade, is still well adapted to cement 
manufacture. The following analyses, made at the Iowa State Col- 
lie of Agriculture,* indicate the approximate compoution of a few 
of the beds: 

Afialyut of loma coaU. 
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1. Annge of Otc HoDiiM County oMb. 

3. CenMrville Blook Cost Co., Appuiaam CoiintT. 

3. Corey Coal Co., Webster Counly. 

4. Dm Moines C. A M. Co.. Polk Countv. 
. . _ , _ - , . ujj,,^ CmuWr. 



In the above tables the Pocahontas coal is quoted for comparison. 
Illinois coals are noted because, in event of the Platteville limestone 
being used, coal would probably be drawn from Illinois rather than 
Iowa. Many additional analyses have been published.' 

THASBPOKTATIOir. 

There are several promising localities aloi^ the Mississippi where 
that river could be directly utilized for transportation and would, 
in addition, act as a regulator of railway freight rates. The main 
railway lines of Iowa run either east and west or southeast and 
northwest, and much of the freight originating in the State, aside 
from agricultural products, moves to the north and west. 



Any cement plant established on the Mississippi would find a ready 
market to the north and west. Iowa itself aSorda a very consider- 
able market for cement, and an Iowa cement plant would have con- 
siderable advantage in reaching important and growing markets.' 
Fortland mment maUrlala In the district near Dubuque. 
By E. F. BuKCHABD. 

In the summer of 1905 a detailed geoli^c survey of the Lancaster 
quadrangle, lying mainly in Wisconsin and Iowa, was made by E. F. 
Burchard, J, R. Banister, and A. W. Lewis- During the survey pat^ 
ticular attention was given to certain natural resources of the district, 
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among them the beds of limestone fttwi clay, with s view to ascei^ 
taining their vaJue for making Portland cement. The Iowa Geolo^cal 
Survey cooperated ia the work by making chemical aQolysea of some 
of the materials collected. 



CHARACTEB OF HATEBUL8. 



The principal rocks exposed along MissisBippi River and near the 
mouths of its tributaries between Dubuque, Iowa, and CassviUe, 
Wis., together with their f^es and esseptial features, are comprised 
in the foUowii^ table: 
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A few miles back from the river the Maquoketa shale and Niagara 
limestone are present in the section, above the Galena dolmite, but 
these rocks have no bearing on the present subject. The beds of par- 
ticular importance are the limest<>ne and shale of the Flatteville, 
the basal Galena beds, and the residual clay and loess, all of which are 
exposed in the bluffs of the Mississippi River gorge between Dubuque 
and CassviUe. 

A generalized section of the Plntteville includes the following divi- 
sions: 

Gtntratized irction of PlaUevUU limatone. 

Feet. 

1. Limestone, principally in thin beds, and shale 10-15 

2. Limeetonc, fine grained, brittle, and thin bedded 15-25 

3. Limestone, magneeian, thick bedded 15-25 

4. Shale, bluieh, sandy in places 1- 5 

41-70 

Nos. 1 and 2 contun the purest limestone, and in places part of No. 
3 contains less than 5 per cent of magnesium carbonate. The following 
t&ble gives the stratigraphic details and the corresponding chemical 
analyses of the beds at two localities la Iowa. 
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Another section is as follows: 

Seiiion of PbitUvilU OTtd Galena limalonei near Waupttcn, Iowa. 



1. Lime8tan«, ntbrryatalline, with carbonaceoue shale pertinga 

(Galena) 12 

2. Shale 4 

3. Limeeloae, nmilar to No. 1 1 5 

4. Shale, blue, including 7 inchee of thin limMione parting 6 3 

5. Limeetone, heavy bedded 5 

The shale beds, exclusive of the limestone bands, comprising No, 4, 
at Waupeton, No. 2 of the section at Potosi station (see p. 372), and 
Noe. 2 and 3, at McCartney (see p. 373), were analyzed with results 
given below: 

Analyta o/^talt/rotn upper divitton o/ PlalUville limeilotte. 
\Atmijst, L. n. Hletttal, Amaa, Iowa.] 



Hka(aOi) 

Alnin]ii*<JttOi) 

Fmk DxMa (FB(0|) 

CDdnm caiboiuta (Ctf:Oi) 

Hneshun cwbonaU <MkCO|). 

Sn^uu trieUde (80i) 

AlUliB, n KiO 



For cement manufacture all these shales should preferably carry 
higher percentages of «lica and lees iron oxide in order that the ratio 

A1,0,+ Fe,0, = —^ should be more nearly approximated. The 



iJumina and iron oxide together should not be greater than 



SiO, 



tad it is apparent from the above analyses that at Potosi station, as 
veil as at Specht Ferry, their sum is greater than this. It is desir- 
able, therefore, both on account of the chemical composition and the 
relative thinness of the shale beds, that some other supply of silica 
and alumina should be at hand. It is possible that such a supply 
might be obtained from the residual clay and loess at the top of the 
hills wherever these materials average rich in silica and poor in lime. 
An idea of the composition of the clay and loess of the r^on can 
be had from the accompanying analyses. Though the samples of 
clay and loesa were not taken from the same sections as the limestone 
and shale, there is an abundance of this unconsolidated material 
above the Galena dolomite at each locality, and its composition is 
probably such as to make it important. 
488S4''~BiiU. 622-13 12 
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Analijtet o/residtuil day andloeu/rom the Dri/tte*t Aral." 

lAnalTtt, It. D. RIggs.] 
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The materials available show that a cement manufactured in this 
district wouJd be of the type made from a mixture of ordinary bard 
limestone and clay or shale. About 52 per cent of the Portland 
cement now made in the United States is of this type. Magnesium 
carbonate, the most objectionable of impurities in raw limestone 
materials, falls in these rocks well within the maximum allowable 
limits of 5 to 6 per cent. Certain of the limestone beds that are high 
in silica resemble very closely in composition the "cement rock" of 
the well-known Lehigh Portland cement district. 

The materials in this district would require very little preliminary 
drying. The limestone is fairly unifonn in texture, but it would 
need very thorough grinding. The shale, clay, and loess are less 
refractory, and although the clay and loess carry a few chert or 
quartz pebbles, such objectionable material is not excessive and 
could be removed by screening. 

The Dubuque district is, of course, not ideally situated with r^ard 
to fuel, but its distance from the Iowa coal field is not so great as 
the distance of certEun successfully operated cement plants from 
their fuel base. A possible substitute, at least in part, for coal m^it 
be furnished by the great quantities of sawdust and slabs wasted 
by the several sash and door factories and other lumber mills at 
Ihibuque. This fuel might be utilized in the kilns in the form of 
producer gas. 

HANUFACTUBINO SITES. 

Along the greater part of the river front between these cities the 
bluffs rise steeply 60 to 100 feet above the flood plain and then 
slope more gently to a total height of 150 to 200 feet. On both 
sides of the river a railroad runs close to the base of the bluff. In 
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several lateral ravines and valleys large enough for mill siteB the 
Platt«ville limestone is favorably situated for quarrying, so that 
the broken rock may be loaded into a mill by gravity. Five such 
localities were sectioned and sampled in detail. In the order of their 
distances from Dubuque they are as follows: (I) Near Zollicoffer 
I^l^e, Peru Township, Iowa, in the SW. } see. 23, T. 90 N., R. 2 E.; 
(2) at Specht Ferry, Iowa; (3) near Potosi Station, Wis., in the SE. i 
sec. 4, T. 3 N., R. 3 W.; (4) about a mile above Waupeton, Iowa, 
in the NE. i see. 25, T. 91 N., R. 1 W.; (6) near McCartney, Wia., 
in8ec.4,T. 2N., R. 4 W. 

The trade territory for a cement plant would be confined to the 
re^oti west, north, and northeast of Dubuque and would comprise 
large parts of Iowa, Minnesota, and Wisconsin. A plant near 
Dubuque would at present have to meet competition from Mason 
City, Iowa; Hannibal, Mo. ; and Dixon, lU. Dubuque has the advan- 
tages of cheap water transportation and of four direct rail lines to 
the north and might fairly be able to control the trade along the 
river up to and including St. Paul and MinneapoUs. 

MAPS AMD OTHEB PUBLICATIONS. 

Dubuque, Iowa, is on the south edge of the Lancaster quadrangle, 
which extends about 35 miles north from latitude 42" 30', and about 
9 miles east and 17 miles west from Dubuque. The United States 
Geological Survey has issued reports on this quadrangle.' 

Useful maps and discussions of the geology of the Dubuque district 
have been issued by the State surveys as follows: 
Oaltin, Sahdel, and Bain, H. F,, Geol<^y of Dubuque County: Iowa Geol. Survey, 

vol. 10, 1900, pp. 379-622. 
Betbb, B. W., Supplementary report on Portland cement materiale in Iowa: Bull. 

Iowa Geol. Survey No. 3, 1906, 36 pp. 
Gbant, U. S., Report on the l^ad and zinc depoeite of aouthwestern Wisconsin, witli 

atlas; Bull. Wisconsin Geol. and Nat. Hist. Survey No. 14, 1906, 100 pp. 

PORTI.Ain} OBHBNT DfDTrSTBT IN IOWA. 

Three Portland cement plants were operating in Iowa in 1911. At 
Mason City the Northwestern States Portland Cement Co. has for 
several years been utilizing the Cedar Valley limestone of the Middle 
Devonian and the Lime Creek shales of the Upper Devonian. 

The Iowa Portland Cement Co. at Des Moines began manufacture 
ing cement in 1910, utilizing limestone and shale from the Missouri 
group of the PeonsylvaniaQ. The Lehigh Portland Cement Co. 
recently completed a plant at Mason City, where materials similar 
to those of the Northwestern States plant are used. The Iowa 
plants bum their cement with coal. 

'OnDt. U.S., udBarcIurd.E.F,, l.Micutei-UliierBl Point fbilo (No. I4i),Oe(d.At1u U.S., U. B. 
0«oL Bairej, l9Cr7,prtGe Ifoents. The topognphlc mapa im ilBalssaed nepantely mud BDid foilOooili 
Mch. Bnntwid, E. T., Fortluid Demant mal«iW> near Duboqne, lawu BulL U. 3. Geol. Survey No, 
m, MOJ, pp. Safr-»L .j^,|^. 
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PORTLAND CEMENT RESOURCES OF KANSAS. 

FOBTIiAKD CEMENT KATBBIALS. 

SUBDIVIBIONfl. 

The limestones available for Portland cement use in Kansas belong 
to (1) the Missiasippian series, (2) the FennsylTanian series ("Coal 
Measures"), (3) the Penman series, and (4) the Cretaceous system. 
Of the four the Fennsylvanian limestones are at present of the great- 
est importance in the cement industry, tmd plants using them fur- 
nish practically all the Kansas output. The chalky limestones and 
chalks of the Cretaceous system are also very satisfactory and would 
become of industrial importance if they were located nearer to mar- 
kets and to fuel. The limestones of the PermiBn series are not of 
much importance at present and offer little hope for the future. 
Those of the Mississippian series may become of induBtrial interest 
later. (See PI. VH.) 

MISSISSIPPIAN ("lower CARBONIFEBOUS " ) LIMESTONES. 

Mississippian rocks occur in Kansas in only the extreme southeast 
comer, where they cover about 30 square miles in Cherokee County. 
The series is made up of limestones, with interbedded cherts, and a 
few beds of shale. Most of the limestones are heavily bedded and 
low in magnesia. 

The limestone quarries in the Mississippiaa rocks are described by 
Haworth as follows: ' 

In tlie soulheastern part of the State a imall amouot of quatrymg is done in Ihe 
BUb-CarboniferouB luneetone at and near Galena, This limeBtono is a highly crystal- 
line one, very compact in character, light blue in color, and occurs in heavy layers, 
BO that large dimeiuion slone could be obtained From it irere the quarries operate for , 
that purpose. It is the mme rock in every respect, both as to geologic age and general 
character, that is so extensively quarried at Carthage and other points in Miseouri. . 
From the Carth^e quarries many fhounnds of dollars' vurth of etone are shipped 
into Kansas, all of which might be BuppHed from the Kansau etone if quarries irere i 
worked as extensively as might he done. The quarries at Galena are operated to 
supply local demand, and that only for foundation material in buildings, although 
considerable dimension stone is diipped from (^thago into Galena lor the larger 
buildings. 

Years ago this same stone was quarried at Galena, at Lowell, and elsewhere for the 
production of lime. It is so abundant in quantity and so eaaly accemible along 
hillsides that it is a great wonder more limekilns are not in operation. The sa 
rock is quarried at different places in Hissouri and burnt into lime, producing lime 
of a good quality, but do better than might be obtained from Knnrnn quarries. 
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KANSAS. 

Analf/tei of Mittuiippian Ixmtttona from RmKu. 



■ Prabablr rr 

1. Quanr on Sbortaatk, nnc Saing RiTn, Ctwrokec CouDty. L. Q. Eaklni, analyst. Bull. U. a 
OeoI. 3iirn7 No. 71, p. U6. 

2. OkIoh, CtMRikec Caiintj. Ulnenl Haaourcea or Kanma, ise7. p. 78. 

PENKSTLTANUN ("COAL UEASUBBS") Lnf^TONES AND SHALES. 

llie Penn^^l'vamaii rocks of Kansas cover the counties of the 
three eastern tiers and part of the fourth tier. Though made up 
m(»tly of shales and sandstones, the series includes a number of 
beds of limestone, which are of importance as Portland cement 
materials because of their customary purity and because of their 
proxiinity to satisfactory shales, to transportation routes, and, 
above all, to natural-gas fields. 

Haworth describes the PeuosylTanian limestones as follows: * 

To the nortbweat of Cherokee County muiy local quarries in heavy limeetone 
tOTQAtjoue have been operated, some of iriikh are still operated in an irregular 
Dumer. "Hie most exteneive of these is the quarry at lola, which has produced 
large quantities of dimeneioii stone and sawed flagstone for local trade and for ship- 
ment to other points. The limestone at lola exists in a layer nearly 40 feet thick, 
from which dimension bkcks of any size or proportion desirable ran be obtained. 

Still farther to the northwest the next qiutrriea are thone along the banks of the 
Eanws River west ol Kansas City, from which lai^ quantities of stone are taken for 
ballast and lor macadamizing streets. Near Kansas City a deposit of fragmentary 
material exists, from which lar^ quantities have been diipped for making sidewalks, 
nucadunizit^ streets, and similar purposes. 

Other places furnish quantities of stone, the output of which would be greatly 
increased if the demand were suSicient to justify the extensive operation of quarries. 
Qenerally, however, it is principally a local demand, for which no ntatistics can be 
gtUbered, but which in the aggregate amounts to many thousands of dollars. 

Still farther weet a limestone exists which is remarkable in many of its pro|weties, 
permitting it to be successfully quarried for all kinds of dimension stone wherever 
it fomes to the surface. It is known commercially as the Cottonwood Falls liine- 
Blone, because such large quantities have been shipped from Cottonwood Falls and 
SbcDg City to BO many points within and without the State, The same rock has 
been quarried at a dozen or more places to the north of Cottonwood Falls, such as 
E^ridge, Alma, Manhattan, Beattie, and a number of other places. This limestone 
is not very thick, avmaging from 5 to 8 feet, and generally consists ot two individual 
layers, known in the markets as the "upper" and the "lower." The rock from the 
two layers differs sli^tly in quality, the lower one generally producing the beet 
stMie. Its most valuable properties are two — almost perfect uniformity of texture 
througbout, and the absence of vertical fissures. It is while or light cream in colw. 
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fine And noncryirtAlliDe in texture, and well filled with the little rice-gnin-like 
inverl«brat« foBsil, Ftuulina cylindrifa. The color is bo uniform tliat wh«n the sioue 
ie placed in a building the general color eftect is very pleasing and satisfactory. The 
absence of vertical fissures and the unifonnity of texture throi^out make it posable 
to obtain dimension blocks of any size desired, which can be worked with perfect 
uniformity. These qualities make it by all odds the most desirable and theiefore 
the most eitenaivety used stone in the State. Large buUdings are erected frcm it 
entirely, iind many others partly constructed from the same rock. The different 
quarriex, no widely separated, make it ponaible for a large community to use it iriih- 
out paying esce««ive freight. 

Prom this Cvttonwood PallH limestone the following important buildings are cmi- 
Htrucled: Snow Hall, and the ntone trimmings of the mun building, Univeisity o[ 
Kansas, Lawrence; the Methodist Episcopal Church, Lawrence; the Rock Inland 
depot, Topeka; the Santa Fe depots at Ottawa, Wellington, and elsewhere; and > 
number of other depot buildings along the lines of the different railways in Kanaai>, 

In addition to the above-mentioned uses, the different raitioadi in the State iL-e 
the C-ottonwood Falls timeetone for bridge building and other construction purpoeen. 
This ia true to so great an extent that many thousands of dollars ' worth of dimension 
stone are onnu^ly supplied the difierent Kansas lines tor use in this State and el«- 
where, much of it being shipped outside of the State. 

Analytet of Pmntylvanvm IxmaUma from Kanta*. 
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1,2,3. Humboldt, .^Ura County. 
4. S. lulH, Allen Co(UilT. 

8.' HorMoi, Brown County. 

9. CoIhmfl'oiHl FbUs, Chase County. 

10. Mtrtmg niy, Chaae Counly. 

11. a, 13. lAWreura, Douglas County. 



21. Ottawa, Johnuo County. 
33, 23, 24. LamiDg, Lesvniwath County. 
2S. Soldleis' Home, L«a*«W0TtA County, 
», 27, 3S. BealUB, Marslull County. 
29,30,31. Footuia.llianiirountT. 

32, Indepaidaiiv, Mm tgomecy County. 

33, Babetha, Nemaha County. 

34, 35, 3S. Alma, Wmhaunsw County. 

37. UcFuknd.WsbauiuH County. 

38. Yates Cailer, Wiwdwa County. 
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The "WilsOD*' formation (Pennsylvanian), as described in the 
Independence folio and other reports on aoutheastem Kansas, com- 
prises in descending order the following members: Stanton ("Piqua") 
limestone, Vilas shale, Plattsburg ("Allen") limestone, I^ane {"Con- 
creto") shale, Tola limestone, and Chanute shale (in part). The 
Stanton and Flattsbui^ ("Allen") limestones are used in Portland 
cement manufacture. 

Sufficient chemical exanunations have been made in different 
localities to show that the "Allen" limestone retains a uniform 
chemical composition wherever found in the northern part of the 
Independence quadrangle. It is exposed priucipall; near the middle 
of the northern edge of the quadrangle, between Neodesha and Fre- 
donia, mainly in the scarps of Verdigris and Fall rivers. Along Fall 
River it outcrops in a belt about one-half mile in maximum width on 
either side. 

At the west base of Table Mound, on the bank of Elk River, near 
the plant of the United Kansas Cement Co., the section of the useful 
rocks exposed consists of 45 feet of pure crystalline Stanton lime- 
stone overlying an 8(K-foot bed of Vilas shale, which in turn rests 
upon a 5-foot bed of "Allen" limestone underlain by 40 feet or 
more of Ijane ("Concreto") shale. The Stanton probably represents 
- the most important and abundant Portland cement limestone in the 
Independence quadrangle. It crops out over about 140 square 
miles, extending from Table Mound westward to Elk and from Elk 
River northward beyond the limits of the quadrangle. Throughout 
this area, particularly along its eastern edge, where the Stanton caps 
the scarp of Fall and Verdigris rivers, it is easily available and iu 
most places can be handled by gravity. Both the Stanton and the 
lola limestones are remarkably persistent over wide areas in the 
State, and they are everywhere likely to be suitable for making Port- 
land cement. 

Specimens of Stanton limestone taken at a number of places north- 
west of the Independence quadrangle have been analyzed with the 
following results : 
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As is generally the case, the shales used at Independence and 
Neodeaha are more variable than the limeetones. In places they 
change rapidly in character, principally by a variation in the quantity 
of sand present. The calcium carbonate also is exceedingly variable, 
ranging from almost 20 per cent down to a very small quantity. 
Everywhere, however, the proportions of magnesia and of the alkalies 
remain fairly constant, and nowhere has an excessive amount of 
magnesia been found. The following are analyses of shale from dif- 
ferent localities in Montgomery and adjacent counties: 

AmtlyMio/ihaUfTom Montgomay arid adjacent rmintU*, Kanatu." 



LdcmthHi. 


S. 


(AW,, Pert.). 


W 


^0^ 


(NJiojW)). 


sz 


lob 


ST 

64.61 


E 

26. W 
31. U 


O.TT 

8.20 

8.87 


g:?!6 

0.13 
1.10 
3.19 





























■ Ann. Bull. Ulnsial RMOurcea Kaiuaa. ItCO, 



PERMIAN LIMESTONES. 



Permian rocks occur west of the Fennsylvanian series and include 
a few beds of limestone, which are described briefly by Haworth:' 

A tew hundred leet above the Cottoawood Falk limMlone kre bwvy beds <rf Hie 
Permian limeetone, which are luuidly filled with flint nodules. Them soft Permian 
limeetonee, cftrrying so much flint, are very Berviceable for railroad ballast and are 
extensively quarried and cruilied for this purpose at difieient places. The quarry 
near Strong City has probably yielded more ballast of this kind than any other one 
in the State, but extensive quarrioB are operated farther west along the Santa Fe at 
Florence and near Uarion, and along the Rock Island at different points, all of which 
produce practically tbe sime kind of stone. 

Anat^itM ofPtrmioA linutUmafiom Kantat. 
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CBETACEOUfi LIMESTONES. 



The chalk and chalky limestones of the Cretaceous are as promising 
in western Kansas as in Arkansas and Texas but are handicapped by 
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their remoteness from fuel and from cement markets. Haworth 
deticribes the limestones as follows : ' 

In the central and weet ceotral part of the State the Cretaceous timestoDes have 
been qnarried to tk greftt extent. ♦ ♦ * They are generally spoken of li>cally as 
magueeisii limestone, although auch a tenn ie entirely mioapplied. A belt of country 
sttetches acroM the St&t«, by way of Betoit and Buasetl, throughout which a fine layer 
of liroestone ia quarried and broken into pieces suitable for fence posts. Travelers 
paseing from east to west along almost any railroad line in the State can notice large 
fields and paaturee fenced entirely by fastening the wire fencii^ to these stone posts, 
which are set in the ground similar to the way common wooden posts are used in ordi- 
nary fancing. The Cretaceous limeKones also serve many structural- purposes in all 
of the citiee and villages within the Cretaceous area. The rock is so soft it can easily 
be sawed into blocks and worked with chisel and hanuner much more lapidly than 
ordinary limestone. This, added to itaptuperty of materially hardeuingafter quarried, 
greatly incieasefl ita value. None of it is what would be called a first-class building 
material, yet it is capable of being used in many ways and furnishes a convenient and 
durable structural inal«Tial for that part of the State, which preventa other stone from 
being diipped in. Here, as elsewhere, local demands are not so |i!Teat now as they 
formerly were, but every year thousands of dollars' worth of the rock are quarried and 
used for various purposes, principally for supplying fence posta. 

Anaty»tt of Cntaeeous limeMtones Jrom. fonjoi. 
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FOBTI.ANI) CEMENT INDTTBTRT IN KANSAS. 

By B. F. BuBCH&BD. 

Kaosaa ranks fourth among the States as a producer of Portland 
cement, being exceeded in importance by Pennsylvania, Indiana, 
and California. In 1911 ifa production amounted to 4,871,903 bar- 
rels, valued at 13,725,108. This production came from 12 plants, 
all of which use a mixture of Carboniferoua limestone and shale. 
By far the greater part of this production comes from southeastern 
Kansas, the remainder coming from plants in the vicinity of Kansas 
City and from one plant at Yocemento in weat-central Kansas. 

The materials used at all these plants are very satisfactory, but 
their strongest recommendation ia their convenient location with 
respect 'lO each other and to fuel supplies. The chief factor in the 
rapid growth of the Kansas cement industry was the very cheap and 
abundant supply of natural gas available for fuel, so that both burn- 
ing and power cost ran much lower than in Eastern cement plants. 

I Am. BolL Ubml RMMicaM Kauaitiir utT-se, pp. 7»-7a. 
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This fuel supply has probably now passed ite maximuin, and its cost 
will figure more lai^ely in the expenses of Kanaas cement plants iu 
the future. 

Cement makiiig in Kansas is principally centered around lola, 
where the lola Portland Cement Co. and the United Kansas Portland 
Cement Co. were the first to begin to manufacture Portland cement 
in the State. The material used is the lola limestone (see p. 183) 
mixed with a contiguous Pemisylvanian shale. 

The composition of the raw materials used at the plants of the 
lola and United Kansas Portland Cement companies is shown by 
the following representative analyses: 






IT lola, Kara. 



Lime (CsO) 

CartwDdl 

WMbt. 






(.': 



I. N. Sloku, mualrsl. Ball. \. 



1. Otoi. Surrej' Vm. 7S, IWl, p. 124. 



used byTote Fortlend OenwDt l5o. 
by Iiria PgrUand CenwotCo. 
used by Kansas Potlaiid Cemeot Co. 
0. owHo ujvu by KAII9Q3 Portiand CemenL Co. 

The plant of the Western States Portland Cement Co., H miles 
southeast of Independence, near the mouth of Rock Creek and Ver- 
digris River, is built on the Drum limest(tne, which underlies the 
Chanute shale. This limestone here attains a thickness of nearly 
100 feet and outcrops over an area of several square miles. It is 
massive or heavy bedded, semieryatalline, medium to coarse grained, 
and fossiliferous. Analyses show it to be a very pure lime carbonate. 
Shale overlies the limestone, but in practice it has been found more 
advantageous to use a Quaternary clay from the adjacent flood-plain 
of Verdigris River, raUier than the shale. Fuel is obtained from the 
near-by gas wells and water from Verdigris River. The plant uses 
the dry pnicesa and has a capacity of 2,500 barrels a day. It is run 
by electric motors driven by steam power generated by gas. The 
company holds leases on at>out 1,200 acres of gas land and obtained 
at first an abundant supply of gas from five good wells that produced 
15,000,000 to 20,000,000 cubic feet in 24 hours. The plant is con- 
nected with the Missouri Pacific Railway by 3 miles of branch line. 

At Neodeshs the i)]ant of the United Kansas Portland Cement Co., 
which has been idle for two or three years, used the Plattsbuig 
(' 'Allen ") limestone, which caps the hill known as Little Bear Mound 
about a mile northwest of town, where it has been found to have a 
thickness of 55 to 70 feet. Suitable shale is present underneath the 
limestone, and both oil and gas for fuel are available. 

I,: C.oo^;;[c 
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Annlyses of the limestone and shale at Neodesha are as follows: 
Anali/u* o/eatunt materiali at Neodedta, Kant. 




Lane ("Conmto") 



»{H10i) 



Liaw<C>0)... 

Ma«»9llCH|0) 

Sulphuric uiliyitriiU (SOt). . . 
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The United Kansas Portland Cement Co. operates another plant 
at the west base of Table Mound, on Elk River. (See p. 183 for 
analysis of the Stanton Umestone used.) 

West of Chanute the Stanton limestone is utilized in another plant. 

The gradual decline in the productivity of tiie lola and other nat- 
• ural-gaa fields of southeastern Kansas has slightly reduced t^e eager- 
ness of cement manufacturers and promoters to establish new plants 
in that section of the State. The plant of the Bonner Brand Portland 
Cement Co. at Bonner Springs, which uses Carboniferous limestone 
and shale, and the plant of tbe United States Portland Cement Co. 
at Yocemento,which uses Cretaceous limestone and shale, are the only 
Kansas plants not in the gas belt. In 1912 most of the plants began 
installing coal burners. 

BIBLIOOKAPET. 

The following brief list contains the titles of some of the more im- 
portant publications dealing with the Portland cement materials of 
Kansas. Much additional information is contained in the reports of 
the Kansas Geological Survey. 

Hawoxth. Erasmus, Ann. Bull. Mineral R«flourr«8of Kansas, 1S98, etseq. 
Adahs, G, I., and others, Stratigraphy and paleontolt^ of the upper Carbon if emus 
rofks of the Kansas ae<'tion: Bull. If. S. Geol, Survey No. 211, 1903. p. 123. 

Eronomic geologj- of the lola quadrangle, Kansas: Bull. U, S. Geol. Suney 

No. 238, 1904, p. 83. 
RcHBUDEE, F. C, Independence lolio (No. U9), Geol. Atlas U, ?,..¥. S. Geol. Sur- 
vey. IftOS. 
SrHBADBR, F, 0., and IIawortb, E., Eranomic geology of the Independence quad- 
langle, Kansas: Bull. U. S. Geol. Runey N». 2!Hi. 1906. p. 71. 

PORTLAND CEMENT RESOURCES OF KENTUCKY.' 
FORTLAITD CBVBlTr ICATEBIAI^S. 

SITBDIVISIONS. 

liimestones prevailingly low in magnesia and otherwise satisfactory 
as cement materials occur in Kentucky in four different geologic 
divisions (PI. VIII), as follows, beginning with the oldest: 
Ordovician limMtonea ol Trenton and Stones River age (Highbridge, Lexington, and 

Winchester limestones). 

I For mucb ol tbe dais preMnted Id reftnl to Kentucky craunt nutariab tba wrlln Is lodebtad (a E. O. 
tJMcb,«(Ui8UiiIt«il StBtM Oeologtcal B\mtj. CiOOQ Ic 
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Ordovician limeetoneB of Cincinnatimii ag» (Windiestor, Maysville, and Ridunond 

fonnatiooa). 
Uiasissippiaii ("Lower Cubooiferoui") limeBlones. 
Peniuylvuiian ("CcmI HeMurae") limeBtonee. 

LIHESTOKBS OF TBBNTOK AND STONES BITBR AGE. 

The limestonee of TrentoQ and Stones River age are represented by 
the Highbridge, Lexington, and Winchester limestones as mapped 
in publications of United States Geological Surrey. These h>nna- 
tions occupy much of the counties of Franklin, Scott, Bourbon, 
Woodford, Fayette, Jessamine, and smaller portions of Boyle, Clark, 
Mercer, Owen, Henry, and Anderson. They are generally low in 
magnesia and high in lime carbonate, the latter coDuuonly ranging 
from 90 to 95 per cent. They represent a combined thicknees of about 
700 feet of solid, chiefly nonmagnesian limestooe. The magneeian 
beds are practically confined to the lower 400 feet and probably do not , 
reach an aggr^ate thickness of 150 feet. According to E. O. Ulrich 
the Highbridge limestone is of Stones River and Black River age, the 
Lexington limestone is of Trenton age, and the Winchester limestone 
is of Trenton age in the lowo' part and of Ciacinoatian age in the 
upper part. 

The following table gives analyses of limestones of Trenton age in 
Kentucky.' 

Analyia ofiimnUmet of Trenton age t'n Ktntuetj). 
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1. Clark CountT. *. Mtfcer Coonljp. 

2. Fsyetlc County. "!■ Woadlwd CiMinty. 
a. Fiyette CoudW. S. Fayetic County. 

4. Franklin County. 8. Woodbird Counly. 

5. FniDkUa Counly. 

At Mentor a shaly limeetone of Trenton age outcrops in a narrow 
strip along the Ohio River in Kenton and Campbell counties. Below 
Ludlow the same limestone (100 feet thick) caps the hills, overlying 
the Eden shale, which forms the slope of the hills, to a height of 250 feet 
or more. The Jimestone of Trenton age runs higher in silica along 
Ohio River than in central Kentucky, but the magnesium carbonate 
is generally less than 2 per cent. 

' Oeol. Survey Knilucky, Kept. A, v^. 3, iSSi, pp. 123-124. 
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OINCIVNATIAN (UFPBB ORDOTICIAN) I^IHESTONES. 

The ahalee and limestones which make up the Cincinnatian series 
in Kentucky occupy most of the north-central portion of the State. 
Ttiey consist of dark-blue, a^^aceous, thin-bedded limestones, with 
many interbedded shale layers. The limestones are generally satis- 
factory for cement materials. Many pf the shales are sandy in the 
south and west, but it is probable that even there careful search 
would disclose shale beds of satisfactory composition. Four forma, 
tions are represented — the Winchester limestone and Eden shale at 
the base, the Maysville formation in the middle, and the Richmond 
formation at the top. 

North of a line connecting Madison, Ind., and Maysville, Ky., these 
limestones are pure and the shales are calcareous and nowhere 
arenaceous. Southward from this line both the shales and the 
limestones, particularly those in the middle of the series, gradually 
grow more and more sandy. Along Cumberland River (in southern 
Kentucky) practically the whole series is represented by a fine- 
grained sandstone, called by Shaler the Cumberland sandstone. 

The following analyses are of limestones from the Cincinnatian 
aeries from Kentucky.' 

Ana^ta qflmetlonea/ron CinemvaiUiH teriet, Kentadn/. 
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1. Uteea Cauatr. 8. FrankliD County. 

I. HnoD Coon^. 7. Utitrt Count;. 

3. Uboo County. S. Nlcbob* County. 

t. AndcnoD County. 9. Owen County. 

1. Bonrboo County. ID. Wood loTd County. 

Except 5 and 10, which are uncommonly pure for their respective 
locaUties, and' 9, which is nearly normal for the northern part of the 
Cincinnatian outcrop, all these analyses illustrate the increase in 
silica southward. In the central coxmties north of the Maysville- 
Madiaon line the limestones contain very httle siUca and agree 
closely with those in southwestern Ohio. 

HisaissiFPiAN ("lowbr cabbonifebous") limestones. 

The Missiasippian limestones are commonly low in magnesia; and in 

most of the area covered by them in Kentucky they are high in 



> 0«ol. Survey Kentucky, Rept. A, v 
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lime carbonate. Toward the TennesBee-Kentucky State line, how- 
ever, interbedded layers of chert become more and more common, 
until the lower part of the series becomes too siliceous to be of much 
promise as a source of Portland cement materials. 

The lower Mississippian aandatone (see PI. VIII) lies on the east 
side of the Cincinnati axis and north of Jackson County, Ky. South 
of JacksoQ County and west of tlie Cincinnati axis the equivalent 
strata consist, in central Kentucky, principally of shale, in which 
may occur considerable beds of siliceous limestone, and in west 
Kentucky and middle Tennessee, principally of siliceous limestone, 
with more or less shale in the lower part. 

In the Mississippian series two beds, both oolitic, are important as 
future sources of Portland cement material. The first, which under- 
lies the St. Ix>uis limestoae and is equivalent to the Spergen lime- 
stone of Indiana, forms a generally broad strip passing through 
Meade, Hardin, Larue, Barren, Warren, Todd, Christian, and Trigg 
counties, -The second, the Ste. Genevieve limestone, is limited to 
Christian, Caldwell, Crittenden, and Livingston counties, in western 
Kentucky. Between the first strip and the border of the western 
Kentucky coal field there is first a brotid strip of St. Louis limestone, 
which is usually too siliceous and too magnesian for use in making 
Portland cement, and then, near or just outside of the coal field, the 
Chester group, which contains several beds of apparently promis- 
ing limestone closely associated with beds of shale. 

No good limestones occur in west-central Tennessee, except in 
Montgomery and Robertson counties, where the lower oolite is 
present. However, the St. Louis Umestone here, as also in Kentucky, 
contains many beds of only slightly siliceous and probably nonmag- 
nesian limestone. 

Of the analyses below, Nos, 1 and 7 are Spergen limestone, 
Nos. 3, 5, and 6 St. Louis limestone, and Nos. 2, 4, and S limestones 
of the Chester group, though the last is extraordinarily pure for a 
limestone of that group. 

Analyia i^upper MutUHppian limnlonetfrom Kmlvekg. 

[R. FBter, Mttlyit-I 
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PENNSYLTANIAK ("OOAL HEA8UREe") LIMESTONES. 

A number of limestone beds occur interbedded with the Pemisyl- 
Tanian shales and sandstonee. These limestones are usually low in 
magnesia but rarely carry more than 80 to 90 per cent of lime car- 
bonate. They are so thin, compared with the thick Missisaippian lime- 
stones, that they would be of but little importance if it were not for 
their advantageous location near supplies of fuel. 

The following analyses * are of Pennsylysniaa limestones from 
Kentucky : 

AmUysa vj Ptnnsyhaniaa Umentonts from Kentucky. 
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PORTLAND CEHEHT rNDnBTRT VS KENTUCKY. 

Though the establishment in Kentucky of numerous Portland 
cement plants has been discussed only one plant has so far been 
actually built. It is located at Kosmosdale near Louisville and is 
operated by the Kosmos Portland Cement Co. It uses a mixture 
of limestone and clay. 

POKTI.AND CEMENT RESOrRCES OF ]:X)U18IANA. 

The great chalk formations, which seem destined to be such impor- 
tant sources of Portland cement material in the neighboring States of 
Texas, Arkansas, Mississippi, and Alabama, occur in I^oiusiana only in 
small isolated outcrops. The State is practically devoid of limestone 
and hardly to be considered as a possible future producer of Portland 
cement. The few limestone outcrops that appear within its limits 
are described below: ' 

The bede of limeetonc seem to bo almost entirely coDfitied to the Cretaceous. Of 
Hie tiiree oulcrops which occur in the State, the Winnfleld limestone is trf very doubt- 
ful value aa a building st«ae, but the ('oochie Bmke and Bayou Chicot deposita may 
be utilized for that purpcae. 

The Winnfield limeeti^ie ia a highly crystallized blue and white banded stone. It 
ji lull of cracks and pockets and other flawe, irtiich will reud^ it ueeleae aa an orna- 
mental or building stone. It can doubtless be used to advantage for making lime. 
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The quantity of the atone in sigfat ia luge and it can be very economicaDy quarried. 
Several kilne of lime have already been burned here tor Jocal uae. 
The purity ot (he bIodg is shown by the following Bnalysia by W. F. Hillebtand:* 

Analgtit o/limnlone/ntm Winnfield, La. 

Silica (SIO,) 0. te 

Alumina (Al,0,) Trace. 

Iron oxide (FeiO,) Trace. 

Liroe(CaO) 55.01 

Magnesia (MgO) 60 

Sulphur trioxide (SO,) 27 

Carbon dioxide (CO,) 43. 43 

Wat«r 13 

The Coochie Brake stone is a light-jellow or bluish-yellow, coarse-grained, sandy 
limestone. It ia of excellent quality for building purposes, but its value is somewhat 
impaired by the presence of small nodulee of iron pyrites. These will restrict ita 
use to situations where a good external appearance is not one of the qualities required 
of the atone. The pyrite, if the quantity proves to be large, may destroy ita value 
altogether. The quantity ot atone at this locality is large, and it is easily obtabed. 
The Bayou (Thicot stone is the beet fw building that we have seen in the Slate. 
It is a fine-gnined dark-gray limeetone. Only two very small outcropa of it were 
Been, and from these no very satisfactory ideas of the extent of the depoeit could be 
gained. In the two out^^rops the dip is very great, and the cost of uncoveriiig the 
stone would probably be large. Borings are needed to show the depth of the deposit. 
Id the early hiat<Hy of the country lime was made at this place. The ruins at the 
old limekilns are to be seen near the larger outcrop. 

Uany of the Tertiary limeetone concretiona are laige and have been used locally for 
the foundations of houaee. At Shreveport large calcareous concretions are cnuhed 
and used on the streets and in concrete work. Hopkins reptvts a place 5 miles bom 
Natchilochee, called the Kilns, where large concretions have been burned for lime. 
At Rocky Spring Church lime was burned from a little outcrop of Midway lime- 
stone tor the masonry of Fort Je«iup. 
Ihe following analysis was made by R. B. Rifjge:' 

Analytu o/limeitont/rom. Raybom'» talt lirl:. Bienville Parith, La. 

Silica (SiOj) 55 

Alumina (A1,0,) - 1 

Iron oxide (FeA) J 

Lime (CaO) 64-09 

Magnesia (MgO) 06 

Sulphur trioiide (80.) 05 

Carbon dioxide (COj) 44. 12 

POBTIiAND CEMENT RESOURCES OF MAINE. 
PO&TLAKD CEHEKT KATEBUI^. 

QENEKAL KEATUBE8. 

Numerous areas of limestone, of more or less importance as to 
extent and thickness, occur in Maine; and many of these would 
yield stone which could be used satisfactorily as Portland cement 
material, so far as composition alone is concerned. In spite of this 

'BulLU.8.0«<rt.Bun»rNo.«). 18W,p. ISO. ' BnlL U. 8. a«9l. Sutvsy No. MS. IBft p. W. 
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fact, however, few of the deposits are worthy of serious consideration. 
Most of them are far from fuel supplies and from cement markets, 
and the transportation question is particularly serious in a State 
haying so low a railroad mileage aa Maine. 

Geologic mapping of the interior of the State has not progressed 
sufficiently to give even a fairly accurate map or description of the 
limestones of the entire State, and few satisfactory analyses are avail- 
able. On the other hand, veiy complete data are fortunately avilable 
on the only area in Maine which seems to be really promising. 

Under present conditions as to fuel supply and transportation, it 
is practically certain that the only limeetones in Maine on which a 
Portland cement industry can be based are those which outcrop 
along or near the Atlantic coast. Of these by far the most promising 
are the limestones now so extensively utilized for lime burning in the 
Rockland-Rockport region of Knox Coimty. These deposits will 
therefore be described in some detail, after which analyBes of scat- 
tered limestones from other sections of the State will be presented. 

LDCESTONES AND CLAYS OF THE SOCSLAND-BOCKPOBT BEQION. 

The limestone deposits of the Kockland-Rockport area are lai^ 
compared with other Maine deposits and are situated on or near 
deep water. They have loi^ been utilized in the lime industry and 
have at intervals attracted attention as possible sources of Foriiand 
cement material. 

In a recent report,* to which reference should be made for details 
additional to those g^ven in the present bulletin, Bastin describes 
the areal distribution of these limestones as follows: 

The limeotone arau fonn, in g«iienl, long, nuiow, somewh&t inegulai efarlps 
trending northeast and southwest and aunounded by quartz rocks and schists. The 
largest continuous area extends from Ghickawaka Pond, 2 miles north of fiockland, 
in a Bouthweaterly direction somewhat over 5 miiea to Thomaaton, where its south- 
emmoat exposures are seen in the yard of the State prison. In some places this belt 
has a width of nearly a mile, although all of the rock it not of commercial quality. 
The second largest deposit extends from the east shore of Rockport Harbor, near the 
Henry cottf^, northward to Lily Pond, and thence assumes a more westerly trend; 
it takes in the Jacobs quarry on the trolley road between Rockport and Camden 
and extends to the west of tliis road for a little over a mile. After a short interrup- 
tion the same belt appears again just west of Simontons Comers, where it includes 
the Eells quarry. Next in conunercial importance is the deposit occurring 2 milea 
northwest of the village of Warren; this deposit was not mapped in detail, but enough 
*u learned of it to show that it was relatively small and that its trend was similar 
to that of moat of the other areas. Several narrow belts occur between the Warren 
deposits and Alfbrd Lake, but none of these am now worked. Southwest of Rock- 
land then are several narrow belts Dearly parallel to the main limestone belt. On 
Qie easternmost of Utese belts is located tbe pulp-rock quarry, now being operated 
by Ur. 8. P. Dunton for the McLoon A Stover Lime Co. 



«834''— Bull. 622—13- 
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Ail the limestones of the district ore highly ciystaUioe. In com- 
position they include two quite distinct types of stone. One typ(> 
is hi^ in m^nesia, in many places approaching dolomite, and 
the other is di&racteristically veiy low in nu^esia, in few plac^ 
carrying over 3 per cent. Bastin, in the report already referred to, 
states that the magnesian limestones underhe the nonmagneeian beds, 
though this simple relationship is masked by the closely compressed 
folding to which all the rocks of the region have been subjected. 

So far as chemical composition is concerned, most of the limestones 
of the Bockland-Rockport rc^on would make very satisfactory Port^ 
land cement materials. The following table contains several analyses 
which are fairly representative of the low-magnesia rocks: 

Analyut o/limettona/rom Knox County, Maine. 
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E^tenaive deposits of marine claya are described by Bastin' as 
occurring along the lowlands of the coastal region in the same general 
area as the excellent low-magnesia limestones which have just been 
discussed. Analyses of several of these clays are quoted below froni 
the report cited. 

Analgia of marine elayt/rom Knox County, Maine. 
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L Cbr from brlol^irda M ThomMtco, Kaitic. W. T. BduUv, mint. 

3. Osy from H*7d<u Point, nur Soutii ThDmition, Iblnc. W. T. Bohillv, aiulnt- 

3. Omj from pnpsrt; of RocUud-Rockport Llnie Co., ami Rockkod, lbln». 
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LD1BSTONB8 FBOM OTHBB LOCAUTtIB IN MAINE. 

Limestoae beds of considerable extent also occur near iBlesboro. 
A specimen from this locality, collected by George Otia Smith, was 
analyzed by W. T. SchaUer in the laboratory of the United States 
Geological Survey, and proved to be a very pure limestone, low in 
Du^eeia. 

Analffnt t^lmutloiufivm ItUtboro, Maine. 

Sai(»(SiO,) 3.76 

Alumina (Al^j) 1.03 

Iron oxide (P«i0,) 43 

Lime (CaO) 51. 30 

M««ne«ia (MgO) 1.18 

The analyses of limestones given in the following table are quoted 
from an early report by Prof. Hitchcock on the geology of Maine. 
They are inserted here, as they may serve to some extent as a guide 
t« the limestone prospector. It should be noted, however, that tiis 
quality of the analyses is not above suspicion, and also that many of 
tJie beds analyzed may be entirely too small to work with profit: 

Anahfttt of Manu Innalomi. 
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PORTLAND CEMENT RESOURCES OF MARVIiAND. 

POBTLAHD OEaaXPI lUTEBIAIdB. 
DtSTBIBUTlON. 

Maryland is excellently supplied with raw materials for the Fort- 
land cement industry and is advant^eously situated in r^ard to 
fuel, and hence will always possess a certain amount of interest as a 
cement producer. Traffic conditions, however, are against any very 
great expansion, for rail and water rates to important markets are 
BO low that few Maryland cement locations offer any marked advan- 
tage OTM' tjiose in the adjoining States. > 

Several geologic divisions in Maryland contain limestones that 
are sufficiently exteosive to be of commercial importance, and are at 
the same time low in mf^esia and otherwise satisfactory ae Port- 
land cement material. (See Fl. XIX, p. 350.) 

The divisions, named in descending geologic order, that are suifi- 
ciently important to merit separate description are: 

Greenbrier liineeloDe MusueippiaD. 

Helderbeig limeBtone Devonian. 

LimeetonM of Cayuga group Silurian. 

Limeahmeaof Shenandoab group Cambrian and Ordovician. 

Hetamorphic limeetone ^obably CambrUn and Ordovician. 

In addition, a number of ot^er limestone-bearing fonnations 
occur in Maryland, but their stone is normally too high in magnesia. 
is too siliceous, or is' otherwise not well adapted to use in Fortland 
cement manufacture. The Tertiary shell marls of the coastal plain, 
for example, are in Maiyland too low in lime carbonate to be seii- 
ously considered. 

The five limestone-bearing divisions above listed will be deeoibeil 
in the order in which they are named. (See PI. XIX.) 

ORBBNBRIBR LIMESTONE AND AMACGNT SHALES. 

The Greenbrier limestone outcrops only in Allegany and Ganrtt 
counties. (See PI. XIX.) A single belt passes about S. 30° W. 
through the western part of Allegany County, crossing the Potomar 
River about midway between Westemport, Md., and Keyser, W. Vs. 

In Garrett County the Greenbrier is better shown, appearing in a 
number of belts or areas. As deacribed by the Maryland Geological 
Survey,* there are six belts, distributed as follows: 

The most easterly of iheee areas ia eituated parallel to and about one-half mile 
weat of the creet of Savage aad Backbone moontainB. It enters the county from 
Pennsylvania one-half mile west of the northeast comer of the county, and extends 

I Oimu Camtj: Utjltad OeoL Baimj, uaa, pp. »-•*. 
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in > aouUiwwteriy dinctJon to the Wwt Viiginu line, 1 mile north of Potomac 
Stone. This b«lt is about 45 milea long and from one-fourth to one-half mile wide. 
Itoccupies a valley between the Fottaville (Savage Mountain) and the Pocono (Little 
Eavage Mountain) ridgw. This valley ia drained at the north by the headwaters of 
Uural Bun and Savage River, and farther south by Little Savsge River, Swamp 
Run, and Pine Swamp Run. Along the northern end of Backbone Mountain the 
line of outciop is for a la^ part of the way up on the mountain lide, but farther 
NHilh it occupiee a ewies of valleys like those along Savage Mountain, but less 
pnoounced. 

The second Ganett County am extanda along the east«m side of Meadow Moim- 
tats in the valleys of Red Run and Meadow Creek Run as far as the confluence of 
the Utter with Deep Creek, near Thayerville. Thence it extends in the nroe south' 
iralerly direction, in a similar series of valleys between Hoop Pole Ridge and the 
ridge of Potteville rocks to the west of it, to the West Virginia line at a point about 
TmilMgoulhweetof Oakland. This series of valleys is dndned by branches of Deep 
Creek and of Miller Run and by White Meadow Run and Rhine Creek. The lims- 
ttuDe belt is about 37 miles long and from one-ei^tfa to one-half mile in width. 

Ihe third belt extends from a point near lliayerville on (he one last described 
down the valley of Deep Creek to the mouth of Maish Run, thence up the valley of 
Hush Run to McHenry, thettce in a westerly direction for 1 mile, where it bifurcates. 
One pteng extends down the valley of Hoyes Run for about I mile, and then disap- 
pesn under overlying formations. The other prong extends in a northweeterly 
direction through a valley to Sang Rim. From here it extends down the Youghio' 
^leny River to points 1} milee north and 2) toiles south of Sang Run, where it dips 
imd» the overlying formation. 

Hie fourth area extends from a point on the one last described at McHenry in a 
Donh-northeasterly direction in the valley parallel to and about one-half mile west 
of Negm Mountain as hr as across the Pennsylvania line. This belt is aboat 15 
milw long and one-eighth of a mile wide. 

He fifth belt extends from a point on the third one, about 1 mile east of Sang Run, 
in K northerly and northeasterly direction, crossing the Pennsylvania line at Oakton. 
II occupiee a sinuous line of valleys parallel to and about one-half mile east of the 
nest of Winding Ridge. Tb.^ belt is about 13 miles long and ooo-eigbtfa of a mile 
wide, 

The sixth area enters the county from West Virginia near Craneaville and extends 
Nutb along the valley occupied by Pine Swamp and Muddy Creek as fitf as Brown- 
itig Uill and thence up the valley lying west of Snaggy Mountain for about 4 mileg. 
Here it extends acroes the line into West Virginia. 

The Greenbrier limestone, where beat developed in Maiyland, con- 
^ts of three distinct members. The lowest is a series of limestones 
commonly siliceous near the base and ranging from 27 to 46 feet iu 
thickness. The middle member consists largely of shales, thin sand- 
Btones, and so forth, and varies from 88 to 98 feet in thickness. The 
upper member consists almost entirely of veiy pure limestones and 
is fpom 65 to 85 feet thick. 
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The section below ' illustrates the characters of the several mem- 
bers of the Greenbrier limestone: 

Section ofOreaibivr limestone at CnMnt, Oarrttt Ctmnty, Md. 

Upper member: fhl 

Aigillacaoua luoestoiM 41 

MaKivanndy limeatoDe 13 

Red Htndy limeBtone 2 

Gray limeatone 3 

Red calc&ieoue Blule 3J 

R«d Bandy limeatone 8 

Giay BMidy limeBtone with red bandfl... 21 

Gmy limeetoue 10 

65 
Middle membei: '= 

Red shale, witli thin buide of gny nndMone 80 

Pure white Miidatoiie S 

88 

Lower member: ^= 

Gray limeetoDe 27 

The upper member of the Greenbrier limestone consists very Isi^ly 
of thick beds of pure limestone. Hiese have been very extensiTely 
used for flux and for lime burning, and their range in composition is 
fairly well established. 

The analyses given below represent them upper limestones. Com- 
monly they are very low in magnesium carbonate, though a few beds , 
show a prohibitive percentage of that ingredient. In some places 
they carry sufficient silica, alumina, and iron oxide to approximate 
the composition of the cement rock of the Lehigh district, but in most 
places it is necessary to add a considerable proportion of clay or shale 
to bring the mixture up to correct composition for Portland cement. 

The following analyses, made by T. M. Price, are taken from the , 
publication of the Maryland Qeolog^al Survey: * 

Ajtalgitt ofQnenbritr Ixmtabmtfrom Maryland. 



17.00 1.47 3.aE 



t, GerHnga' AlnglBli>rt'»qaaf77, QanWt County. 

3. OOutt'sqiuiTy.OsiTeU County. 

3. CnbtiM, Oarrett County. 

*. South of K^ra Uountalk Oht«II Couatf . 

6. Odutt'* qiiany, GMntt Oountr. 

& FiDdtoT'i quany, Fluey Bun. Qsirett County. 

7-e. ninth 01 Stony Run, AUnmy County. 

10. BsnUvUla, Alk«uiy Ccnm^ 
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The folloving additional analyaes of Greenbrier limestone, made by 
M. R. Schmidt, have been recently published: ' 

AnalBta o/Oreenbrier UmtHonefrom Maryland. 



lOri 

'- 'FSiOJV; 



Inn oxide (F«iO] 



AnMaTCODDl 

art, Xttatmr Q 



The following analyses * of Carboniferoua shales from near Corinth, 
Garrett County, illustrate the range of composition. Most of them 
carry high percentages of iron oxide, and in few of them does the 

ratio -, .-^ — ■ — ,— — ry- rise much above 2.5 and in many it falls 

alumina + iron oxide "^ 

below 2. 

jlna^Mi «/ Ov&on^crouf Aalufaom. near Corinth, Md. 
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HEU>BKBERO LIMBSTONB AND ADJACENT SHAI.BS. 

The Helderbei^ limestone outcrops ia Maryland in several beJts, 
moBt of them in the west-central part of AH^any County, though 
some are in western Washington County. The distribution in Alle- 
gany County is described as follows by C. C. O'Harra: * 

The eaateramaet and latest are«, sluipad like k much conatrictod letter W, lies 
to the eut, west, uid bouOi ot TiUMy Mount&in, and fay its prominent double bifur- 
cation makes up a lat^ part of Warrior Mountain and Martin Mountain. On the 
Slate line east of Tuney Mountain the Helderberg belt ia leee tlum one-half nule 
*ide, while the width of (he corresponding outcrop on the western side ia consider- 
^ly greater. Southward, owing to the pitching of the Tuseey Mountain anticline, 
tlieae bands gradually approach each other until, at a point near Rush, the two coalesce. 
Within lees than 1 mile southward the area again becomes bifurcated, but this time, 
owing lo the synclinal nature of the fold, the projecting parts are separated by th« 



> Ifaryluid On]. Survay, tdI. S, IMV, pp. «1-«1 

• Ounlt CouDtj: l[U7l>iid QeoE. Born?, 1«GB, p. 310. 

■ AUecuiy Cauntf: Muykiid OeoL Sam;, IVB, pf. M-M. 
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Oriiilauiy fornutioa, which immedUtely follows the H«ldei'b«rg. Of ihe two southern 
Uelderb«rg projectkine, the one futhcet east is the more exteiuive, and includet! 
within it FUkee Knob, the highest point in Ihe county eMt of the Alleg*ay Front. 
Thia part of the area narrows southward, but cape Warrior Mountain to within almiKii 
a mile of where the mountain ceasee to be a distinct topographic feature. The pro- 
jection lying farther weet is much narrower than the one to the east, but continues 
almoat as far soi)th and acts as a capping for Collier Mountain. 

lie nest area of Helderberg liee farther weet and flanks the outcrop of Salina around 
Evitta Mountain in much the «ame way that the first are& does the Salina around 
TuBsey Mountain. The bifurcation at the north caused by the Evitls Mountain acli- 
cline is quite like that produced by the Tuesey Mountain anticline. The fonnation 
continues southward iu one long, continually narmwing band to within H milei? i>t 
(he Potomac, where the Uelderberg ending in a sharp point panes beneath the Ori.-^ 
kany to appear again at the roadside by the canal where the Potomac haa cut entirely 
througji the overlying Oriakany and into the Helderberg for a distance of fully a 
hundred feet. The eastern part of thia area forma much of the crest and western slope 
of Nicholas Mountain, while the contact line abng the western side is clearly marked 
by a row of bills extending from the State line southward. 1^18 row of bills reache'' 
almost as far south as does the Helderberg outcrop, but finally coaleeces with Nicbola? 
Mountain. 

East of Wills Mountain a belt of Helderberg averaging len than one-half mile in 
width comes into the county from the north, and extending southward along the 
western slope of Shriver Ridge paasee throu^ the western part of Cumberland tnd 
across the Potomac into Weet Virginia. The Potomac in ita very perceptible eastward 
bend nearly 3 miles above Cumberland, and again in the more prominent eastward 
bend about 6 milee above Cumberland, has carved out two small portions of this belt 
from the West Vii^inia area, Tbeee patches are mostly concealed, but their contact 
with the Salina is fairly well shown. Northward the Helderberg-Saliiw contact is 
largely concealed, but the limMtone quaniee which occur in the lower part of the 
Helderberg along the western base of Shriver Ridge afford a convenient means i>f 
judging the approximate western outcrop of the Helderbeig. Shriver Ridge marks the 
eastern limit, as the contact liee on its western slope a short distance below the top. 

West oE Wills Mountain there is a imad of Helderberg corre^Mnding in position to 
the eastern belt, but by reason of the perpendicular attitude of the strata this bell is 
considerably narrower than the one on the eastern aide. Following closely the general 
direction of Wills Mountain, it cromee the Potomac River at Potomac station. Along 
the belt north of the National Road the Helderbeig-Salina contact is usually not well 
shown, but the Heldertwrg-Oriskany contact is prominent, the latter being repre- 
sented by the steep ridgee to the north and south of Corriganville. South of ihe 
National Road neither contact is well shown, although slight topographic features 
usually indicate their positions with reasonable accuracy. 

Another Helderbei^ area of iHrnsiderable extent is exposed south of Rawlin^ 
This forms the body of the steep isolated ridge known as Fort Hill, which extends 
southward along the Potomac lor a distance of about 4 miles. 

Id addition to the above-mentioned areas, two very slight exposures may be seen 
along the West Virginia Ccutial Railroad, on the north and south sides of Uonster 
Rock, near Keyaer, W. Va. They are of little importance, except iu so hr as they 
are of value in helping to work out the structure in that part of the county. 

Four narrow belts of the Helderberg limestone outcrop in western 
Washington County. (See PI. XIX, p. 350.) The best exposures, so 
far as location is concerned, are those near Hancock, on Potomac 
River. 
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The lithology of the Helderbei^ limestone is thus described by 
O'Harra: ' 

Lithologically, llie Helderbeig is preeminently ;i limestone formation. Aigilla- 
ceous materi&ls occur aa impurities in some of the beds, but tbeee aie not important, 
and Btndstones are almost wholly lacking. Thin baiidfl of chert, which are white or 
yeUowiBb-whit« in color, occur Hparingly throughout the upper part of the formation. 
Most of the limestone in the upper part is heavily bedded, and much (rf it ia hi^ly 
fo»iliferoue. The lower part of [Beneath '] the Helderbergisa dark-blue thin-bedded 
limeetone, which in breaking gives a decided ring. This corresponds to the Tentacu- 
lite limestone of New York, which in Maryland is over 400 feet thick. In the field 
the contact between the Salina and the Teutaculite [imestoDe is very marked because 
oF the different weathering qualities of ihe two rocke. The Salina rock weathers into 
soil very completely, while the Tentaculite limestone leaves innumerable small, 
thin, dark-blue slabs upon the surface. 

The thicknes of the formation is nearly 800 feet. The two partial eectionB given 
below are believed to represent the full thickness as well aa a duplication of some of 
the middle beds, as indicated. The Potomac section extends from the bottom of the 
Eorniation U> and includes a few inches of the coralline ledge. The 36-foot massive 
Stromatopora bed of the Devils Backbone section is believed to come in immediately 
above this, the other beds of the section continuing upward in the order named to 
the top of the formation. 

The Devils Backbone sectbn, measured along the Huntingdon & Broadtop Railroad 
east of Wills Creek, is as follows: 

Devili Backbone leetvm, Maryland. 

Helderbeig-Oriakany contact. T«>t- 

Concealed 42 

L^t-gray fossiliferoua limestone with numerous layers; a very liglitKwlored 

chert 22 

LightfT«y massive fossiliferous limestone; breaks into rectangular blocks 16 

Shaly limestone IJ 

Bluish-gray limestone, breaking into Aaly fn^ments; weathering indicates 

much argillaceous material 18 

Maaaive 5lro»uitopora beds 36 

Shaly limestone somewhat nodular 10 

Light-gray ma»ive limestone, with upper part containing layers of light- 
colored chert 45 

Thin-bedded limestone; the weathered surface covered with small bryozoans. . 16 
Dark-blue massive limestone, very hard and difficult to break; upper part 

filled with Pcnfonurut puJaitu* 36 

Fine, i^ly foesiliferous limestone 16 

Uggsive, dark -blue fossiliferous limestone 40 

Slightly argillaceous, thin-bedded, fossiliferous limestone 14 

Gray, arenaceous, fossiliferous limestone, with layers of cherty material 16 

TuDcealed to bottom of formatbn. 

Total thickness of exposure at this place 328} 

' AlkiiDr Coantf, llar7UiHi OaoL Snrver. pp. K-98. 

I Thb dasorlptlcin bidadM In the Heldorbeig apart of Uia umJerlylng Ca^^uga eroup (tbe "Tentacu- 
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The meaaurements made at Potomac statioD are aa follows: 
Stelion at Polcrmac ttatwn, Md. 
Upper beds concealed; very nuusive lighl-gray limeBtone, with a (ew feet of 

Dodulftr limestone nenr Uie top; coralline l&yer ne&r the top 

Uofltly concealed, but aufficientl}' exposed to diow that the beds are generaliy 

made up ol thin grayidi limestones; some masive beds are preoent 

Generally thin-bedded, dark-blue timestoDe, but widi Bome heavy beda; 

fossiliferous 

Thinly bedded, dark-blue foeeiliterouB limestones, with occasional papery 



Total thickness of exposure 

AnalyUM o/Heiderbtrg Hmettont, Maryland. 
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1-3. WaRlorlIaaiilaln,nMrOldtowii,AU^uiT County. SampladbyE.C.Eckel; dialriedby LtHiitb 
Viltay totlne laborMorr. 
4-7. CcnigMivUlt, Al^BDf County. U. R. Bolmiidt, uuItbL Rapt. MarrUiid Oeol Surrey, vol. S, 

'g,S.'cumtMrluid,All^uiyCoaDtv. T. U. PrKn, ualysE, Tdsm, n. «l. 

10. Alksuy Gran, ADagiuy Countf. M. K. fichmldt, uuIyiL Idem. p. 461. 

11. Polonua, AUenoy County. T. M. Prlca, tnalyit. Idem, p. 4S1. 
13-111. RawlUu, Aluiiiny County. Zka uid OIU, aoalyst*. Mem, p. M3. 
1S,17. Omt C8cq«D, Weahlnpon County. E. O. ZM, uuayil. Idem, p. M3. 

The Helderbei^g limestone ia everywhere closely associated with 
good shales for cement purposes. Analyses of a ntimber of Devonian 
shales follow: 

Anaii/ta of Devonian Aalu, Maryland. 
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3. Oreat Cec^Min, Wuhlngton County. E. Q. Zke, ■ludyit. Rapt. Ifuyluid Owl. Sumy, rol- 

_,4.'WuTiaTMount*iD,neuOk]tawn,AU(««DyC(nnly. Sunpledby E.C.Eckel; uulyud by L«bl^ 
'nlley teeOat labonlory. 

i. CorrljpnrUlB, Allagmy County. U. R. Bohmldt, anilytt. Rapt. Marybod Oeol. Surrey, vol- s, 
i«08, p. mT 

LIUBSTONBS OF THE CAYUGA GROUP. 

The Cayuga group (Silurian) underlies the Helderbeig limestone 
(Devonian) previously described, and its outcrops parallel those of 
the Helderbei^, so that no separate description of its geographic 
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distributioD ia necessary. The importance of the Cayuga group in 
the present connection ariaee from the fact that it inchidee one or 
more rather Uiin but very persistent beds of low-magnesia limestODe. 
These low-mag&eeia limestonee are high in clayey matter and in 
places closed approximate the composition of the veil-known 
cement rock of the Lehigh district of PennsylTania. 

The following table gives a number of analyses of limestones of 
the Cayuga group from Maiyland localities:' 

Anafytet of lijnaUmet of Cayuga group, Maryland. 
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imtr. E. O. ZlH, 

uttj. T. It PtJe», 

Count?. G. Rleb- 
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ll.'pouniM, Alli(«ny County. T. H. Ftta, 
la. Poianukc.AJtogtay County. U. R. Sobnridt, 
13-17.' FatomBC,AUesui7 County. T. II. Prke, 



i>n,'AllecBnr<'DaDty. Zlesuidaill, 



:. Rhdurd- 
LtHBBTONES OF THE BBENANI>OAH OEOUP. 

The limestones of the Shenandoah group (Cambrian and Ordovician 
Bge) occupy three principal areas in Maryland — two in Washington 
County and one in Frederick County. 

The westernmost area enters Maryland from Pennsylvania in 
central Washington County and runs slightly west of south to 
Potomac Kiver, which it reaches between Cherry Run and Williams- 
port. Its eastern border lies jiist west of Conococheague Creek, 
little Conococheague Creek flows through it, and Fairview, Ketfb, 
Uicksville, and Clear Spring are situated on the limestone. 

The cMitral limestone belt covers almost all of the eastern third 
of Washington County. It enters from PemiErylvania as a belt 15 
tniles wide and underlies the Hagerstown Valley, Antietam Creek 
running down its middle for its entire extent. Hagerstown and 
Sharpsburg are located near its middle; Blue Mountain, Edgemont, 
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and Weverton lie on or near its eastern edge ; and Williamsport, Salis- 
bury, and MangansviUe are on or near its western border. 

The third and easternmost area is in the eastern portion of Fred- 
erick County, along the valley of Monocacy River. Frederick, Adams- 
town, Frederick Junction, Woodsboro, and Walkereville are in this 
area of limestone. 

In discussing the Shenandoah group in an adjoining and closely 
similar section in Pennsylvania, Stose has recognized the following 
formations, liere listed in descending geologic order: 
Ordovician: 

1. Chamberabmg limmbute. 

2. Stonea River limeetone. 

3. Beekmnntown limeetone. 
Cunbri&n: 

4. Conococheagufl limeetoae. 

5. Elbrook form&tion. 

6. Waynesboro fonnatioa. 

7. TomHtovn limestone. 

Of the seven formations listed above, theChambersburg and Stones 
Kiver limestones are those which afford most of the possible Portland 
cement rock, though the Conococheague and the Elbrook also con- 
tain some beds of low-magnesia limeetone. 

The following table * contains analyses of a number of limestones 
of the Shenandoah group, mostly from the Conococheague, Chambers- 
burg, and Stones River formations, from Maryland localities: 

AwUyut of IwntMUma of Ae Sherumdodh gtvap, Maryland. 
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M 3.00 3.03 



14.17 1.14 3.S0 
4.17 .n 1. 
40.1: M.M 51. 
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S. Chuubenbnrg , . , 

G. TomatawQ UmesMDa, CavaUwn, Wuhliinon 
r. Elbiook lonnallan, OuwsTSUe, WaiUiuibn C 
~ " " oesbnis, HasBretown, Wuhli 



LeOore, Pmderlck Conut;. Zlu £ Schmidt, vulfita. Rcpt. Uirflaiid 



I. Zlea, aiulTit. 
ial™t. Idem, 
nalyst. "■ 



I. Beskmuitiiwn llmeitoDe, Huentomi, Wasblnctoa County. J. J. FDcter, analjit. 
10. Caaocaitaafaa OmtUoobiSii^Mowa, Wu£[ilftoa Count;. R. B. WlUlamsm, 



ijiC^i* 



Itoua Rlmr UmeMone, itimbun, WuhlDCtoaCountT. &t and 0111, analrits. Mam, p. 441. 
(. Slonea Rivet llmaxtone, PlnxGiug, Waahlngtnn Countr. Catlatt uul Potter, aaalnta. Idnn. 
0. Daekmanuwii UmestaDB, Cbaritni, Waabiustai CoonV. T. H. Bataa, analyst, uam. p. 44I. 



< Uuybod C]«ol. aurv«y, voL M, Itn, pp. Sga, 438, 
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KBTAHOKPmC LIHB8TONB8 OF THE FIEOHONT ABEA. 

In the Piedmont region of eastern Maryland many areas of crystal- 
line limestones or marbles occur, being particularly lai^ and 
numerous in Carroll, Baltimore, and Howard counties, and smaller 
and less important in Frederick County. 

Considerable difference of opinion has been expressed as to the 
geologic age of these metamorphic limestones. It seems probable, 
however, that many if not all of them are of the same age as the un- 
altered Cambrian and Ordovician limestones farther west, from which 
they differ merely in being highly ciyatalUne, the effect of pressure 
and heat. 

In composition the metamorphic limestones vary, just as do the 
unmetamorphosed Cambrian and OrdoTician limestones. The 
Cockeysrille marble, for example, is highly magnesian, whereas much 
of the metamorphic limestone from Texas and Union Bridge is as 
low in magnesia as the best unaltered Trenton limestone. 

The following table * contains a number of analyses of low-magnesia 
metamorphic limestones from different localities in the Piedmont 
region of Maryland: 

ittalyM$ ofm^amorphic limt$bme», Maryland. 



Bttk»(B10^ 

Alumina (AliOi)... 
InnoxIdafF^i). 

Llni8{0«OJ 



y„ (J: 



n Coanlj. Zln *Dd Schinldt, anUyita. Bspt. lluylMicI 0«oL fiuirer, i 



4, i. BpriiwytDe, CtfroU Coonly. U. R. Sdunklt, UBiTit. Idam, p. XK. 
«. aprins9illi,CuToDCouiilT. U.K. SAmfdt.analTM. Idem,p.S7§. 
T. NaiTWliMlKir, Ctenll Couiilr. ZIn and Sctamklt, ualnl^ IdfliQ,p.ST 



«, cWnii Counl;. ZIn i 

- -. r.CairoaCM- — " " 

>. LlnwDod, Camll Coonty. 

10. UniDotowD.CaitMCoanir. 

11. JAoavlllg, rndcrlok Coanli 



-, , .,. ilt,aa»|nt*. 

10. UniDatowD.CaitMCoaiitT. U. B. Behmldt, anilnt. 

11. J*n«vl"- '»—•--'-'• " — — " " "■ ■ — ■ »' 

U. Metric 



tints. IdfliQ, 
IdBm, p. 178. 



;». E. a. Zlea, aiiUytt. IdMn.p.'m. 

Cauntr. Zha aod Bcbmldt, aoalrm. Iileni p. 37 



FOBTLABI) OSHBNT IKDUSTBY IN KABTLAHS. 

Two Portland cement plants, that of the Security Cement & lime 
Co., at Security, in the western part of the State, and that of the 
l^dewater Portland Cement Co., at Union Bridge, in the eastern 
part, are now in opraration in Maryland. 

The plant of the Security Cement & Lime Co. was built during 
1907 and went into operation early in 1908. Since that date the 
original plant has been increased in size, and the company has taken 
up sevenil related industries inclufling the manufacture of lime, and 
the quarrying and preparing of fluxing stone, road metal, railway 
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ballast, and so forth, botK at Security, Md., and at Martinsburg, 
W. Va. The cement plant of the company is at Security, a station 
on the Western Maryland Railway a few miles east of Hagerstown. 
Limestone and shale are used, the limestone being obtained from low- 
magoesia bfeds of the Conococheague limestone (Cambrian) in the 
immediate vicinity of the cement plant and the shale (Martinsburg 
shale of Ordovician ago) from property owned by the company near 
Pinesburg. 

The following table giTea analyses of the limestone and shale used 
at the plant of the Security Cement & Lime Co.' 

Awtb/ia o/caiunt materialt uttd at Steurity, Md. 
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The plant of the Tidewater Portland Cement Co., which commenced 
operations in October, 1911, is situated in Frederick County, near 
Union Bridge, on the Western Maryland Railway. It is the intentioD 
to manufacture not only a normal Portland cement but also a white 
Portland cement, building lime, and hydrated lime. The company's 
engineers report that raw materials for the manufacture of all these 
products exist on the property. 

The raw materials available at Union Bridge are limestone and slaty 
rocks. The limestone is the metamorphosed and highly crystalline 
stone commonly found in the Piedmont district, and the "shales" 
are slaty rocks of volcanic origin. Analyses ' of both calcareous 
and argillaceous materials, R. K. Meade, analyst, are given in the 
following table: 

Analyta of tow maieriaU, Union Bridge, Md. 
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UATHZwa, E. B., and Grastt, i. S., The limeBtoaea ot Maryland, with special 
reteience to their use in the manufacture of lime and cement: Maryland Geol. 
Survey, vol. 8, 1909, pp. 227-4M. 
RiES, Hbimbiob, Report on the clays of Maryland: Maryland Geol. Survey, vol. 
4, 1002, pp. 203-eoe. 

In addition to the reports above cited, which deal with the clays 
and UmestoDes of the entire State, valuable data on the resources of 
certain areas are found in other reports issued by the State Survey. 
Among these, for example, are the volumes devoted to the geology 
and mineral resources of AU^any and Garrett cotmties. 

PORTI.AND CEMENT RESOURCES OF MASSACHUSETTS. 

In the western part of Massachusetts extemive quarries are operated 
for both marble and lime. The stone quarried is a highly crystalline 
limestone or marble of Cambrian and Ordovician age. Much of 
this stone is highly magneeian, but all of that produced in the north- 
western portion of the State, in Berkshire County, seems to be low 
in magnesia. The analyses given below are fairly representative of 
this product. 

Unfortunately for the prospects of a Portland cement industry in 
the State no shales occur near these limestones, and the glacial clays 
generally contain too much sand and pebbles to be worth considering. 
This fact, taken in connection with the cost of fuel in this district, 
renders it improbable that Massachusetts will become a successful 
producer of Portland cement on a large scale. 

Aiuilj/$a oflimaloiutfivm JfoMOcAuMU*. 



SiUciIBLO,). 

Alumln«(A!,-., 

tnnoiidalKeiOi) 

Limt cubonatB (CbCO. 



ciicoi)V. 



Am. R( 



Xortb Admu Ifarble Co., North Adanu Btrkahtra CouDty. W. 



.danu, Btrkahtra Com 



I. Kept. U. B. Oaal.8arvS7,|it. «(cantlnDM),lMt,ji. «M. 
Ctaiiblra lUnuiKMriiig Cb.,CbMblra,B«rlab[ra Cbuntjr. Davtoport & WllUuni, i 

3- C. H. Hutlnn*! qiUTrv, Wot BtookMdM, Bsrkaiiln Coontj. ]. B. Brlttoo, aiulnt. Idam, 

•.Aduulfacfolc Co., Raa&nr.Bcrbhln County. E. B. OkMt, aiuljst. Ideiii,p.4ia 

Though the prospects for the development of a normal Portland 
cement industry in Massachusetts are far from bright, an interesting 
special product — white Portland cement — was made on a small scale 
for several years by the Berkshire White Portland Cement Co. at Clay- 
ton, Berkshire County, from the pure crystalline Silurian limestones 
oF that area. The manufacture of this cement was discontinued in 
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POSTZiAND CEMENT RE80TTRCE8 OF MICSZOAN 

PORTIiAMS OEMXST HATEBIALS. 

I,IME8TONE8. 

Of the formations that outcrop in Michigan three — the Du 
limestone, the Traverse formation, and the Quaternary marl — '. 
been utilized in the manufacture of Portland cement. Anotl 
the Bayport limestone — yields limestones which so far have not 
utilized, though low in magnesia and otherwise satisfactory as cei 
materials. 

Dinmut unsTOHB. 

The Dundee limestone lies at the base of the Devonian systi 
and although generally concealed beneath glacial drift and surficil 
deposits comes to the surface (see PI. IX) in a belt 2 to 9 miles wid<9 
trending northeast and southwest across Wayne, Monroe, and Len- 
awee counties, in the southeast comer of the State. The Dund^ 
occurs also at the extreme northern end of the southern peninsula 
and on Mackinac and neighboring islands as well as in the adjacent 
portion of the northern peninsula (PI. X). The purest layer of lime- 
stone in the Dundee thus far discovered is extensively quarried at Sib- 
ley and Bellevue, near Trenton, in Wayne County, and is used in the 
manufacture of sodium bicarbonate, soda ash, and caustic soda near ' 
Detroit. The finely powdered calcium car.bonate resulting as a 
by-product from the manufacture of caustic soda is used by the 
Michigan AlkaU Co. for making Portland cement at Wyandotte. This 
same limestone, on account of its uncommon purity, ia also extensively ' 
used in the manufacture of beet sugar. 

The Dundee contains several beds of limestone, most of which, 
however, carry too high a perceatf^e of magnesia to permit their use 
in making Portland cement under the standard now required. Thus < 
far only one layer, the celebrated 9-foot bed, best exposed at the 
Sibley quarries (pp. 209-210), has been found sufficiently pure to be 
utilized. The composition of the rock quarried at Bellevue and used 
by the Michigan Alkali Co. at Wyandotte is as follows: 

Analytit of Dundee timaUme at BelUvue. 

[Anilysl, O. Button.] 

Silica (SiOj) 0. « | 

Iron oiide (FeaO,)! 

AlujnJM (A1,0,) I ^"* 

Oalcium carbonate (CaCO,) 95. 24 

Magnecdum carbonate (Mg€0,) 1. 00 i 
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I. C. Russell describes ' the Dundee limestone aa follows: 
The limeatDne of the Dundee tomution is also quarried 2 milee norHieaat of Dundee, 

UoDToe County, where four layera of limestone are exposed, the composition of which 

ia shown below: ' 

Analgtet o/DwuluHme»low/imn the ''ChriMtiancyquarrif,'' near Dundee. 

{Analyng 1, 3, i, ud S b; Q. A. Klndmukr, tod tnatjBta 3 and 4 by E. J. 
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I gray UraMMo* 1 la 3 iMt tlilok, iMdIUmnia. 

—aah linuatooe, Utamluooi, 4 to U (gat tbkik, 

llmMtona, without aeama, T to S fut thick. 



Moi; bottom of quanr. 



The rocka exposed in the quarry near Dundee are considered by Shener u the 
idBn1ic»riayen that are extensively quarried near Trenton. When sufficiently low 
Lse in making Portland cement, 
sense of quanying and cruahing. 
, the influence of which on the 



1 the beda are evidently favorable for 
the only questionable features seeming to be the ex 
Certain of the layers at Dundee contain petroleun 
mixing of slurry is not known. 

The following notes concerning the Sibley quarry at Trenton, Wayne County, have 
been kindly furnished by Mr. Frank Leverett; 

The quarry occupies an area of 3& acres. The rocks dip westward at the rate of 
about 5 feet in 100. T^ere is a low anticlinal arch tiending approximately east and 
vest, which passes through the midst of the excavation, &om the crest of which the 
beds dip away at the rate of about 1 foot in 100. The strata are cut by two systems 
of joints, bearing about N. 20° E. and N. 60° E. The quarry is situated in an irreg- 
ular hill which rises about 30 feet above the level of the adjacent portion of Detroit 
River, On the higher portions of the hill there ia no covering of drift, but on the 
sides the solid rock is concealed beneath several feet of till. Where the glacial 
depcrits have been removed, (he surhtce of the rock beneath ia intensely glaciated. 
There are two sets of glacial grooves, of which the earlier bean about 8. 28° W. and 
Ite later approximately N. 30° W. 

The strata exposed in the quarry follow, bcfpnning at the surface. 



'Rnswll, I. C., The Porttoid oammt Indnitiy In Ukhigiin: Twtnty-second Ann. RopL U. : 
Bnmy, pt. 3, 1003, pp. HHHS. 

'BlierHr, w. H., Otoloelcal report on Uonrw County, Iflob.: Oeol. Burrsy lIlefclgaD, vol. 
uoo, pp. n, 177-ire. 

48834°— Bull. 522—13 14 
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Sertion at Siblty quarry at Treattm, Wagne CmaUy, UkH. 

1. Thin-bedded gray limealone, suitable for use m a flux 3j 

2. "Upper 6-foot bed," a gray Hmertone, containing 96 per cent CaCO,; uaed 

in alkali works; a portion of the lower p«rt of the bed, about 8 inctiee in 
thicknen, is now rejected on account of it« containiug too much bitumi- 
nous matter 6 

3. Foaeilifenjue blue-gray limestone, containing 90 per cent CaCO,; suitable 

for use in alkali works 3 

4. "Second Moot bed," a blue-grey limestone, containing from M to 96 per 

cent CaCOil used as a buUding atnne and in alkali works 6 

5. "Five-foot bed," very similar to "Upper 6-foot bed" 5 

6. "Cherty bed," a cherty limestone, not at present utilised 2 

7. "lliird 6-foot bed, " a blue-gray limestone, with a little chert in its lowo' 

portion; used in alkali works and as a building stone 6 

8. "Nine-foot bed," afonililerousgray limestone; used in the manufacture of 

beet sugar and suitable for making Portland cement S 

9. "The 6-f Dot magnceian limestone, " dove colored G 

10. "The 8-foot bed, " a thick-bedded gray limeelone; used as building stone. 8 

11. "The 10-foot bed, " a gray limestone, of which the upper 3 feet coittaiiM 

about 66 per cent, the next 3 feet 06 per cent, and the lower 4 feet about 
80 per cent CaCOi; the lower porticm contains from 3 to 4 per cent SiOi; 
the middle portion of the bed ie very foeeilifeious 10 

12. Brownish limeetone, containing 16 per cent SiOj, 0.6 per cent HgO, and 

about 85 per cent CaCOi; this rock is marked with white spots, thought 
to be aluminum silicate; used as building stone; opened to a depQi of 

TotM S3i 

Chemical analyses of certain of the beds described above are given bdow: 
Analj/Ki oflimalont/rom Sibley qtiamei at Trtnton, JfteA. 
[Amlyil, K. ). Bandnram.] 
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Kussell describes the Traverse formation as follows: ' 
The rocks designated by this name condst principally of shale and limestone, 
occur in succession next above the Dundee formation, and belong to the Devauiui 
ayirt«iM. They form a belt «bout 2 niles wide, which crosses Wayne and Monroe 
loauntiee, • • * but are Oute conce&led beneath suiticial deposits, and aln 
form a broad area, which crocses the northern end of the southern peninsula from 

I Op, dt., p. 5U. 



izecy Google 



ly- 



,1.0, Google 



,1.0, Google 



MICHIGAN. 211 

Alpena, on th« border of Lake Huron, to Frankfort, on the shore of Lake Michigan. 
The limestone of the Ttavene group comes to the surface at Alpena and is utilized 
by the Alpena Portland Cement Go. In the quarry where it is well exposed it is a 
iigfat-colMed compact rock, carrying corals aod olhw EoseilB. Its composition is as 
tollows: 

Analt/tet of limettone/rtym the putrria of the Alpena Portland Cauenl Co. , Alptna, JlvA. 
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4. Quwrr C: Third itntum, 4 feat tlUck. 
&. QnarrrC: Fomtfa amtimi, 3 tnt tUok. 
& QusiTrF; nntitcMuiii,3leet Uilck. 

T. QuhttF: BecoDdxtntmn. IlOattUck. 

5. Quairr F; Third sUkMrn, 3 iaM thick. 

V. Quarry F: Fourth Btralum. floor of qiurfy. 
All Mmplas show iraoes of ml^duus and ~'~~ 



The favorable remits in the manufacture of Portland cement obtained from the 
use of the limestonea just considered will no doubt stimulate further search for 
favtnably situated outcrops of the wme formations, in which tlie accompanying map, 
diowing where they may be expected to occur, will be of assistance. 

OKAHS KAPID8 OBOUP. 

The Grand Rapids group ia composed of the Bayport limestone 
at the top and the Michigan formation at the bottom. Russell 
describes the rocks as follows : ' 

Anollier formation containing limestone, preeent in southern Michigan is designated 
asthe "Michigan series" on the map [PI. IX], and belongs to the * * * MiasisBip- 
pian * ♦ *. ThelimeslonesoccurprincipaJly in the upper portion of the system 
and outcrop on the bordera of the coal-bearing rocks which form the surface. They 
are in great port concealed by glacial drift and other surficial rocks over an extensive 
area in the central part of the aouthem peninsula. 

The limestone of the Michigan series outcrops at Bayport and Sebewaing, in Huron 
County, on the east side of Saginaw Bay; on the Charity Islands; at Bellevue, in 
the southwestern part of Eaton County; and near the Portage River, about S or 6 
miles north of Jackson. Other localities where it is accessible no doubt occur. It 
has been quarried at Bayport, Bellevue, and near Jackson and calcined to make 
lime. Its composition, as indicated by the followirtg analyses (stated as pnbliriied), 
is such as to make it suitable for use in the manufacture of Portland cement, but up 
to the preeent time it has not been utilised for this purpose. 

iOp.cit.,pp.M»-««. 
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Aiialsni of limaUmefifm Banport, Itieh,. 
lAnalrst, ). W. Laoclsy.] 

Silica (SiOj) 3.330 

Oxide of iron (FejO,) and alumina (AljO,) 1334 

Cubonateof magneeia (MgCO,) 944 

Carbonate erf lime (CaCO,) 9L538 

Fhosi^oniB and sulphur Trace. 

Oigaaic matter and loBB 2.864 

100.000 
(Quicklime, 51.29.) 

Anab/tito/liTruiloneJromSelUvue, Mick. 
[Aiudrit, Cut Romlngsr.] 

Carbonate of lime (CaCO,) 9a 00 

Cftrixmate of magnesia (MgCO,) LOO 

Hydrate of iron oxide , 50 

Insoluble residue L50 

99.00 
Analytit oflimatonefnmi Portage River, Mich. 

[Analyit, Call RomlDgeT.] 

Carbonate ot limo (CaCO,) 9& 90 

Carbonate of nugneeia (MfuCOj) l.OO 

Alumina (AljO,) and iron (Fe A) VO 

Insoluble rendue L 40 

99.00 

The limeatene of Ute "Michi^n series " contains layers that are high in magneeia 
OF are othenriBB un&vomble for cement making, but in spite of this the formation 
is evidently worthy of car^l attention from persons interested in the industry 
under review wherever it occurs near deposits of clay or shale and is suitably situ- 
ated in reference to transportation bcilitiw, ete. 

All of the limestones referred to above are of marine origin and usually contain 
fossils, among which coral is frequently conspicuous. The rocks are usually com- 
pact and hard and if employed in the manufacture of Portland cement must be 
crushed and ground to a fine powder. Except for the expense thus involved they 
are in certain instances aa bvomble for the use indicated as the marls deecribed 
below. 

MABL DEPOSITS. 

Russell describes the mari deposits as foUows: ' 

Some idea of the abundance and wide distribution of marl depoaita in the eouthem 
peninsula may be obtained from the map [PI. IX], on which those it has been con- 
venient to locale are indicated. This is by no means a complete index of the total 
number of marl deposits that occur in the area represented, as it has not been found 
practicable te make a detailed survey for the purpose of mapping them. Tt is safe 
to say that those shown on the map are probably lees than one-fourth of the total 
number that exists in the southern peninsula. Those indicated on the nup, with 
possibly a few exceptions, have an area in excet« of 50 acres, and an average depth 

>0p.a1t..pp.(Mg-6U. 
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of 10 feet or mon. The marl beds of Michigan only ue coDsidered in (his repcrt, 
but depaeita <rf the same character are known to occur in neighboring States, as well 
M in the adjacent portions of Canada, but their entire diatribution and their pre- 
cine relatioa to climatic and geological conditions, etc., have not been detennined. 
In extent the marl beds vary from a few acres up to Beveml hundred acres. Some 
of the Portland cement compttniea, it is stated, have marl beds from 500 to 1,000 
acres in area, with an average depdi of 20 feet <x mcoe. In moet instances these 
figures probably refer to two or more aepaiate but perfaape closely adjacent beds. It 
ia safe to say, however, that sin^e beds from 100 to 300 aciee in area and with su 
average depth of 20 feet or more are not rare. 

lu depth the marl beds vary from a few inches up to over 3S feet, as has been dem- 
onstiated by the writer by actual borings. Other observen report depths up to GO 
and even in excess of TO feet, which are no doubt reliable measures. . 

The marl beds occur principally in the basins of existing lakes, but frequently 
extend beyond the present water margins and underlie the bordering swamp. They 
are present also in many inslancee beneath beds lA pwt ot muck, from a few inches 
to Beva%l feet thick, on which t&marack and other trees grow. The presence of 
marl beds about the borders of existing lakes and at an elevation in some cases of 
10 or 15 feet above their surfaces shows that the lakes have been lowered, usually by 
the cutting down of their outlets, since the marl began to form. In some examples 
ptAt occurs beneath extensive marl beds, and in a few cases two or three alternations 
of layers of peat and marl have been discovered. Usually, however, there is but one 
bed of marl present, which resta on a sandy or clayey bottom. It is evident in all 
ioBtances that the marl was deposited in a lake, and that the sirampH, or in some 
ioetances the now well^drained tiacts, where it is found, were formerly flooded. 
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SHALES AND CLATS. 

Surface days as well as shales from the Traverse and Coldwater 
formatiom have been used in Portland cemeut plants in Michigan. In 
addition, shales from the Antrim and Sa^aw fonnationa may furnish 
supphes in the future. 

The following descriptions of shales and clays are taken from Rus- 
sell's report: ' 

TKAVXBBX rOXXATIOV. 

The ahale of the Tiavetse group is utilized by the Alpena Portland Cement Co. 
In connection with limestone from the nune formation and ia obtained from quame« 
about 7 miles north of Alpena and near the shore of I«ke Huron. The etrata are 
nearly horizontal and comdat of alternating layers of fine-grained and uniform bluidi- 
black shale alt^matii^ vith thin-bedded impure limestone. At the locality where 
the quarries are located th« shale occurs at the surface, being covered only by 2 or 3 
feet of peat. The same bed is understood to occur in the low bluff bordering the 
neighboring portion of Lake Huron. The surface portion of the shale vhere now 
exposed is disinlflgrat«d to a depth of a few inches, so as to form a stiff blue clay, and 
both the surbce mat«rial and the unweathered shale beneath are suitable for cement 
making. The general composition of the shale is indicated by the following analyses: ' 

Analyte* ofthaU of the Traverte formation near Alpaui, Mich. 

' [Aiuayats,A. N.CIark(A)iDdH.Rln(B).] 



eiiK»(siOi) 

Alunlluii(Al,0() 

Fmlc oxide (FeiOi,- all iiDD oompdled u FaiOi) . 

Ctldnm i»rbmi»t« (CiCOt). 

tlagiMdum oartxauu (UgCOi) 

Wbut, orgBQlo nutter, liid dUItnoee 

Fecro™ ItoqcFbO) 



Another analygis of shale from the rnrne locality as the above, supplied by the 
Alpena Portland Cement Co., is as follows: 

Analyiit o/ihale of the Traveruforma^on nsor Alpena, Mich. 

[Analyst, 3. H. Ludlav.) 

Silica (8iO,) 67.96 

Alumina (AljO,) 20, 44 

Ferric oxide (Fe^,) 3.03 

Calcium carbonate (CaCO,) 9.12 

Calcium oxide (CaO) 28 

Magnesium carbonate (MgCO,) 6.02 

Sulphuric anhydride (SO,) 72 

AlkaUee (Na^ and KjO) S.40 

09.97 
The region in the northern portion of the southern peninsula in which shales of 
the Traverse group may outcrop on the borders of lakes or along strouns, or may 
be discovered by making small excavations, is indicated on the map. 

1 op. dt., pp. eai-«73. > Geo). Surver UlcbliaD, voL S, pi. 1, 1900, p. II. 
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In addition to the depoeite briefly described above, tliere are two formationa in 
the eouthem peninmla which contain nhales that, in certain instances at least, are 
worth investigating in connection with the industry here considered. These are the 
Antrim diales, which occur at the eununit of the Devonian system, and the 8^;inaw 
fonnatioii, which forms the uppier portion of (he Carboniferous system aa developed 
in Michigan. 

The Antrim diales usually contain a bigjh percentage of organic matter and yield 
petroleum, gas, etc., on distillatbn. No attempts have yet been made to utilize 
them for making cement, although their physical properties (except, perhaps, their 
toughness, which reitdera them someiriiat difficult to quarry or to reduce to a pow- 
der) and their chemical compoeitJon make them worthy of experiment in that con- 
nection. An analyaiBof probably unweathered Antrim (bale, made for the purpose 
of testily its fuel value, published by Ries,' is aa follows: 

Analyiu of Antrim thaU. 

[AutlTit, W. H. JohnxiD,) 

Volatile matter 17. »6 

Fixed carbon 6.49 

Adi 75.55 

100.00 
Atialym of the oA. 

Silica <SiOj) 70. M 

Alumina (AljO,) 15.33 

Ferric oxide {Fe,0,) 5. 31 

Calcium (CaO) 2.38 

Magnesium (HgO) 78 

Alkalies, etc., by difference 5. 56 

100.00 

Ab remarked by Ries, the ratio of silica to alumina in this analysis is uniuually 
hif^, but BO bi as can be judged t.ln> material is worth careful investigation on the 
part of cement makera. 

The Antrim shales are exposed on the shore of Tbunder Bay and also at several 
localities in Charlevoix County, where they are associated with marl deposits. The 
availability of these ahales in manubcturing Portland cement and the utilization of 
the organic matter they contain as a by-product seems to be a poHsibility worthy of 
conaidetation. 

OOLDWATCR SHALI. 

The Coldwater dialee are now being quarried at a locality about IJ miles east of 
TTnion City and utilized by the Peerless Portland Cement Co. At the quarry referred 
to the ahales are well exposed to a depth of from 20 to 35 feet, are thin bedded, hori- 
zontal, and contain irt^iiulaT concretions of ferrous carbonate, some of which are 
cboiged with fossil marine shells. The rocks near the surface are much weathered 
and so completely diaint^rated that the evenly bedded bluish shales below pass 
upward into yellowish mottled clays near the surface. In the manufacture of Port- 
land cenfent an approximately equal mixture of the weathered and unweathered 
material is now used. The range in percentage of the several constituents composing 
the shale is as follows : 
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Aiutlvut qf Cotdwater thalt near Union City, Midi. 

[Amlfst, A. LundUlgm.) 

Silica (SiO,) 67.89 to 59.20 

Iron and aluminum oxides (¥ifit uid A1,0, 29. 89 to 23. 33 

Calcium (CaO) 1.42 to 00 

iiagneeium (MgO) 2. 16 to .26 

Sulphuric anhydride (SO,) Tiace to 00 

Alkalies, by difference.... 8. 55 to 6.00 

Uoiatute, including water of i»mpoaition 20. 60 to 10. 00 

Tbe Coldmter shalea are akn used at the woriu of the Wolverine PoriJuid Cement 
Cn., nMt Cotdwater, and there present about the same chu«ct«ristics as at Union 
City. Their tange in composition is as foUowa: 

Awdyu* of GMmoUT ihaU war CaUheaUr, MiA. 

tAii4l7M, E. E. Brown.] 

Saica(SiO,) 57.26 to 61.26 

Alumina (AljO,) 18. 12 to 21.69 

Ferric oiide(Fe,0,) 6.53 to 8.30 

Calcium (CaO) 1.25 to 1.50 

Magnemum (JfeO) 1.49 to 2.31 

Sulphuric anhydride (SO,) : 66 to 1.34 

Carbon dioxide (CO^ 96 to L18 

Titanium oxide (TiO,) 82 to 1.12 

Alkalies (Na^ and K,0) 2.26to 3.4B 

Loes on ignition 6. 19 to 8. 32 

He dialea of this formation were formerly used by the Bronson Portland Cement 
Co. but have been superseded by surface clays obtained in northern Ohio, lie 
idiale formerly used at Bronson is reported to have the following composition:' 

.Ano^m o/ CoUwofcr <AaJ< near Bronson, Midi. 
[AwOrit, c. J. WhMto.) 

Silica (SiOj) 62.00 

Alumina (AIjO,) 20.00 

Ferric oxide <Fe,0,) 8.00 

Calcium (CaO) 50 

Magnemum (MgO) LOO 

Sulphuric anhydride (SO,) 50 

Organic matter 8.00 

100.00 

> Lewia, H., tha plant or tht Braimui Portland Oanuot Co., Braofoo, Web., Eng. Rac., tdL 17, ISS, 
pp. ao-m; rajiniDUd In The CamHil IndtMtry, Kov York, NOO, pp. K-M. 
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Otiier MudysM of the riulra ol tliia fomuttion occurring aeu 
mnd at While Rock, compiled fnun Riea's report, are ae folbwe: 
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Bronaon, Coldmter, 



Analgtet of Csbftoabr tltaltfivM lEdngan. 

[All*l;rt, H. Rl«(.| 



CanrntiHoL 


Br««D.I ^}^_ 


K- 






63. «4 

.7S 
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7.90 












loaoo 


100.00 









The CoUwkter riialea occur beneath Ihe surficial depoaita throughout an extenaive 
am in tbe eouthem peninaula, * * * but are seldom veil exposed at the surbce. 
As noted by Biei,' however, extenaive outcrope occur along the dkore of Lake Huron 
between White Rock and Forsyth and are bvorably situated for ahippii^ by water. 

At many tocalidea where suitable aurhce clays can not be had In connection with 
eiteneive marl depoaita it may be found practicable to mine the underlying Coldwater 
ahalea, as was formerly done near Bronson, for use in cement making. 

siAnrAW roxKATiov. 

The dtaleaol the coal-bearing rocks, which underlie an extensive area in the central 
portion of the aouthem peninaula and are well developed in the productive coal 
Geld of the Saginaw Valley, although frequently containing nnd, have in some 
ioetancea approxitnately the pbyaical and chemical composition deaired in cement 
making. Hie fact that these ahales are frequently removed in the procece of coal 
mining aiMj that tacilitieB tor tianaportatioD are available claim for them careful 
attention as a source of material for use in manufacturing Portland cement. 

Aastatedby Riea,* three types of shale in the Saginaw formation may be recogniaed, 
between which there are intermediate gradationB. llLeee are — 

First. A light-giay, wcdy, dialy clay, often quite hard, called- "fire clay," and 
not infrequently containing fossil plants. Shale of thia character ia present beneath 
& KoaX seam at the mines of the Standard Mining Co., near Saginaw, and haa the 
(aUowiog compoeitioD: 

Analytu o/thaUfrom Sagmma, Mieh. 

[AnalfM, B. RiM.) 

Silica (BiOa) 66.80 

Ahmiina (JUaO,) 14.20 

Ferric oiide (PejO,) 3.62 

Calcium carbonate (OaCO») 30 

Magnesium carbonate (l^CO,) 2.61 

Alkaliea (K,0, Na^) 2.15 

Water and organic matter 21.82 

100.00 
FluxflB 8.68 

■Oeol. BucTey llMilgui.vol. a,pt. 1, 1900, p. M. ■ Id«iD, pp. 21-20. 

oogic 
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This shale ia evidently too tow in alumina uid iron in proportioii to the olict 
present to be used to adv&ntage in the m&nufactuie oi Fortluid cement u mir 
practiced. 

Second. A bUck, fine-grained, brittle diale, with dull luster, eometimefl tenned 
"canael coal." It contains much bitmninouB matter and would not eerve well fu 
the manubcture of clay products (Ries). 

Third. A dark, gray iab- black, fine-grained, hard, yet brittle, shale, which is sppr^ 
ciably plastic when ground and mixed with water. Shale of this type U found in 
several of the minee near Saginaw and Bay City and is quarried at Fluking for th« 
manufacture erf paving brick. Similar ehalei are aaeociated with coal seanu netr 
Jackson and may be expected tooccurihrou^out the area indicated as being occupied 
by Uie Saginaw formation. 

The chemical compoeition <rf the ahalee just referred to ia indicated by the following 
analyeeBT 

Analyte* of thaUi (ffAeSaffintnufannalion. 
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L. FlD^«r■lQed blHk shils from nidhlti(. Anal;M, H. Rica. OtoL Bumy tn^t-if". iraL 3, pL 1, 

M, p. 30. 

lands. Slultt laodBtcd wltb coal *[ Bit CllT. Anilyat, A. N. Ctuk. Idem, pp. 3fr-3t. 

, , .... ^ — -■-- ^^ Uie a«ola Porttamf ciimnt i»id a)«l Cb. 



Ae shown by these analyses, the shales of the Saginaw formation as a rule are lower 
in silica than is deemed desirable for use in making Portland cement, but certain beds 
have been reconuoended by experts in that iadueby. Evidently any layer of ah»Ie 
in the Saginaw fonnatioD which can be economically mined, and which is free fmo 
sand and other objectionable substances visible to the eye, should be carefully tested 
and experimented with in connection with the industry under review. 



Surbce clays deposited during the Pleistocene period ot geological history — lh*t 
is, at a late date and after the land had about its present relief— are abundant through- 
out Michigan. These clays were in part left on the surface of the country directly by 
the glaciers during the last ice invasion of the Glacial epoch or, in some instances, b; 
streams flowing frcnn the glaciers; in part were laid down in small lakes and in the 
waters of the Great Lakee when more widely expanded in certain directions than it 
present, and in part were spread out in the flood plains at streams. These three 
varieties may be termed, to adept the clasaificadon used by Riee,' drift clays, lake 
clays, and river silts. 

The drift clays are invariably calcareous and usually contain sand, stoDoe, and 
bowlders and show much variation in composition. They are the moet abundant of 
Ihe surface clays and frequently form the hills and upland. In numerous instancM 
they are used in the tnanubcture of bricks, tiles, etc., although in geii«al sot well 
adapted for this purpose. On account of their usual sandy and stony character and 
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irTCfniUriUes in CDmposition, Uiey are seldom worth inveetigsting in reference to the 
making of Portland cement. In some exceptional instances, however, the glacial 
clays are cventially free from grxTel and sand but contain at intervals insular 
nodules of calcium carbonate, which, if tlie material were used in making cement, 
would necewitat« great care in mixing and grinding to form a slurry. 

The chemical compoaidon of typical ex&mplee of drift clay, irtieit free from gravel 
and sand, ia heie pre«ent«d: 

Analytm of drift chjfi. 
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m bi E. D. Cwnpbdl. ^^ 

2. Tuna 3 mlks oorth o[ lacksDO. Furalabed bv Standonl FortlUMl Ccmeat Co. Aiulvida b7 E. D. 
L-Kombdl. 

3. >rDiii Dcai- 8tackt>rldga, logfaain Coun^. Analjili bjr B. D. Cunpb^. 

4. From Ionia. Ionia Cfflintj. AnalTris bj A. N. Ctark. QwL Sorvey Michigan, vul. 8, pt. I, IMO, 



>r JackBaD,Iackam CotlDt;. Analyris by U. RIn. I 
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6. From SpriDgport Towinhip, 
Hlchigu, vol. 8, pt. 1, lim, p. m. 



I. Burvey Ulcblgan, toL B, pt 1, 



Jackion floonty. Analyita fyy Mariner and BoskliB. Qtal. Survey 



The lake clays are well represented, especially about the border of the southern 
peninsula, as between Detroit and Ypsilanti, about Port Huron, South Haven, widely 
over the SaginAW Valley, and in numerous local basins throughout the State. In the 
Upper Peninsula extensive depceite of exceedingly fine grained, laminated pinkish 
clay, deposited from the, water of ^ke Superior when more widely expanded than 
now, occur in abundance at Sault Ste. Marie and have a wide distribution westward, 
as at Marquette, Escanaba, etc. The chemical c(»npoeition of this extensive deposit 
13 indicated by aoalysis 6 in the fdlowing table, which shows that it is suitable {or 
cement making. 

The river silts occur on the border of many streams, aomedmee in terraces a few 
Feet above their surfaces. Although in many inatancea available for brick and tile 
making, they are usually loo Mndy to be employed in manufacturing Portland 
csment without being ground, ao as to have the requisite degree of finenev— thftt is, 
so aa to pass tfarou^ a neve with ISO to 200 meshes to the linear inch. No analyses 
of typical examplea of the river aitts are available, but as the deposits are derived 
mainly from the drift clays, they no doubt have the same compoeition, .lacking, 
perhaps, some of the calcium carbonate and alkaline aalta 

The lake clays here referred to are characteristically fine grained, many times 
almost entirely tree from grit, highly plaatic, and uniform in compoeition. As shown 
by numerous chemical analyses, however, they are what are termed "lean clays"; 
that is, not high in alumina and Ferric oxide in proportion to the silica present, and 
not, as a rule, considered favorable for cement making. These properties and the 
usual presence of lime, together with the frequent occurrence of sulphuric anhydride; 
are diown by the analyses following. 
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In general it nuty be mid that the eurhce clays o( the Southern PeninEuIa ore not 
bvonble (or lue in making Portland cement, althou^ some of the atony clays, if 
crudied sufficiently fine, may be «nployed for (hat purpoae. Reference is not here 
made to the deccnnpoeed outcrop of the shales described in the preceding section, 
which might perhaps be taken for surface clays, some of which have been used with 
favorable reeullA. In reference to the Burface clays of the Northern Peninsula little 
accurate information is available, excepting the analysis of a repreoenlative maple 
of the extensive deposit of pink clay near Sault Ste. Harie, given above. 

In a mimmary of the results of Ries's investigations of the ahalee and clays of 
Hicfaigan, already referred to several times. A. N. Clark remarks as follows: ' 

"For use in the manufacture of Portland cement the shales of theColdwater series 
are beet adapted. The shales of the Michigan series sre also good if not too hi^ to 
aoluble salts. Some of the Coal Measure shales, which are often too gritty, and some 
of the clays derived from the weathering of these shales or the Devonian black diales, 
may be suitable. Surface deposits of cEay of any siee are, almost without eiceplion, 
either too calcareous and irr^ular in composition or too gritty to be dpsirable." 

The difficulty of obtaining a suitable clay to use in connection with the marl 
deposits of the southern portion of the Southern Peninsula has led several of the 
Portland cement companies now in operation in that r^on to employ clay brought 
from Ohio. The most of this material comes from Hilbury and Bryan and Ss a 
lacuetral clay, deposited from the waters of the Erie basin {Glacial lake Warren) 
when more widely expanded to the southwestward than now. Its composition is as 
follows: 
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1. latbory. Analyiisby E. D. CampbdI. 

2. Biyaa. Analydsbylohn G. Dcaoand N. B. Fottar,fr. 



I 0««l. Survey lU(dil(aii, vol. S, pt. 1, HOD, p. M, 



POBTUUni OBHBNT IHDUSTBT IN mCHiaAN. 

After one attempt to manufacture Portland cement in Michigan 
in the early aeven^es, no seriouB effort was made to reestablish the 
industry until 1897, when the Peerless and Bronson plants went into 
operation. From then on the growth of the Michigan industry was 
for a time very rapid but along rather pecuhar Unee. The abundant 
deposits of fresh-water marl in the State led to the erection of a 
number of plants to use this raw material, and the use of a naturally 
wet raw material led in turn to the general adoption of the wet 
process of manufacture. This was earned bo far that at the original 
Alpena plant a hard dry Umestone was treated by the wet process. 

Writing of the industiy as it was in 1901, Russell ' presents a table 
showing that 7 plants were in actual operation at the beginning of 
that year and that 17 more were in different stages of construction 
orpromotion. Of this total of 24 plants, no less than 22 were designed 
to use marl as a raw material, one to use limestone by wet process, 
and tbe other to use alkali waste by the wet process. This curious 
development, it must be borne in mind, had taken place in a State 
with no local supply of good fuel, for all of these wet process plants 
were run on coal brou^t into the State, mostly from West "Virginia. 

As early as 1900 Michigan had attained third rank among the States 
as a cement producer, being surpassed only by Pennsylvania and 
New Jersey. This rank was maintained through 1904, but in 1905 
Michigan dropped to fourth, being displaced by Indiana. In 1908 
Kansas and Itlinois also outranked Michigan as producers, while in 
1909 the increase in California and Missouri pushed Michigan back 
to eighth place, where it remained until 191 1 . Eleven plants were in 
operation in Michigan in 191 1. 

It is perhaps hardly necessary to say that this gradual fall in rank 
as a producer does not imply any decrease in the actual annual output 
of the Michigan plants; on the contrary the State is now a larger 
producer than ever before, its output during 1911 having been more 
than 3,500,000 barrels. The loss in relative standing is simply due 
to the more rapid growth of the industry in other States. 

In 1 91 1 there were 1 1 plants producing Portland cement in Michigan. 
At Alpena the Huron Portland Cement Co. utilizes local limestone 
of the Traverse formation and shale, also of Devonian age, from 9 
miles west of Alpena. The Burt Portland Cement Co., at Bellevue, 
uses limestone and clay ; the Newago Portland Cement Co., at Newago, 
whose plant was built to use marl, now uses Umestone and clay; the 
Elk Cement & Lime Co., at Elk Rapids, uses limeetone and shale; the 
Wyandotte Portland Crauent Co., at Wyandotte, uses limestone and 
clay; and the following plants all use marl and clay: The Peninsular 
Portland Cement Co., at Cement City ; the Wolverine Portland Cement 
Co., at .Quincy and Coldwater; the New i£tna Portland Cranent Co., 
1 Tmntr^Koid Am. Bq>t. V. B. QeaL Sumy, pt i, itoa, pp. tM-M> 
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at Penton; the Omega Portland Cement Co., at Moaherville, and the 
PeerleBs Portland Cement Co., at Union City. 

The Michigan Portland Cement Co. rebuilt on the site of the former 
MiUen Portland Cement Co., at Chelsea, and be^n manufacturing 
in 1911. The New Bronson Portland Cement Co., at Bronson, is 
undergoing reorganization ; the plant of the Egyptian Portland Cement 
Co., at Fenton, is reported to be idle, as well as that of the Alpena 
Portland Cement Co., at Alpena. All the inactive plants used marl 
and clay exclusively, except the Alpena plant, which used aiao lime- 
stone from the Traverse formation. Coal is used as fuel in all the 
Michigan plants. 
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PORTIiAJTD CEMENT RESOrRCES OF MINNESOTA. 

Of the limestones occurring in Minnesota, only one (the Piatteville 
limestone, pp. 176-177) is commonly sufficiently low in magnesium 
carbonate to be considered as a Portland cement material. Ulrich 
states that this nonmagnesian formation is well developed in southern 
Minnesota; particularly in the vicinity of Wycfcoff and Spring Vallej'. 
It is also well exposed near Faribault. The pure limestone beds in 
these locahties are both underlain and overlain by shale, which might 
prove available for use in mixture. 

In addition to the rather scanty natural raw materials whose 
presence in Minnesota is briefly noted above, the lai^e amounts of 
slag available at the Buluth blast furnaces of the United States Steel i 
Corporation furnish another and more important source of supply. 
I,: C.oo^;;[c 
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PORTLAND CEMENT RESOTJBCES OF MI88I8Sm>I. 

PORTIiANS CBMBin KATBBIALB. 

DIBTBIBUTION. 

No cement, either natural or Portland, has ever been manufactured 
in Mississippi. Several laige areas of limestone occur in the State, 
however, and at least one of these areas is so veil located with respect 
to transportation routes as to give promise of future importance ae a 
source of Portland cement material. This area in one portion has 
access to excellent fuel supplies at low cost. 

The available cement limestones of ttie State may be grouped as: 
(1) Devonian and Mississippian ("Lower Carboniferous") limestones 
of northeastern Mississippi; (2) Cretaceous limestones (Selma chalk 
or "Rotten limestone") of eastern Mississippi; (3) Tertiaiy lime- 
stone (Vicksburg limestone) of central Mississippi. The Tertiary 
limestones are the most promising as the possible basis of a cement 
industry. 

The distribution of these three limestone groups is shown on the 
geologic map (PI. II), which is based on the work of A. F. Crider and 
the writer for the Mississippi and United States geological surveys. 

DEVONIAN AND UIBS1S81PPMN ("LOWEB CABBONIFEROVS ") JJME- 
STONE8. 

In the extreme northeast comer of Mississippi, in the counties of 
Itawamba and Tishomingo, a small area of Devonian and Carbonifer^ 
ous rocks includes shales, thin sandstones, and limestones. The 
limeetones, which are of both Devonian and Mississippian ("Lower 
Carboniferous") age, are commonly low in magnesia and are other- 
wise suitable for Portland cement materials. At present, however, 
the most promising localities have no adequate transportation 
fadlitiee. This fact, together with the nearness of the soft and 
easily crushed Selma chalk, will probably serve to prevent any great 
development in th^ area in the near future. 

The following section from this region, by A. F. Crider,' is fairly 
representative of the Devonian rodcs here: 

Seetion of DevoniamxKti on Yelhte Creek, Mitt. 

Fbm. 

1. lliiii-bedded impure limestone &t baee, changing gradually to a biuidi lime- 

■tone at top of cliff B5 

2. Compact blue limestone, nonfoesiliferoue 40 

3. Dark-gray limestone containing many Devonian toeailB 10 

4. Dark pure limestone to water's edge 6 
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From other exposures and well data it is probable that the total 
thickness of the Devonian limestones in this area is far in excess of 
that shown in the above section and that it may reach 500 feet or 
more. 

The following analyses ' are of samples of Devontan limestones from 
this portion of Mississippi : 
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None of the above analyses are above suspicion, hut they are the 
best at present available. lit correct, they indicate dierty rather than 
shaly limestones. 

In the Missiasippian ("Lower Carboniferous") rocks of this ar^a 
occur beds of oolitic limestone closely similar in character, compo- 
sition, and geologic age to the well-known oolitic limestones of the 
Bedford, Ind., district. 

The following analyses ' are of samples of Carboniferous limestones 
and shales from Tishomingo County, in northeast Mississippi : 

Ana^/$et of Gabonifenmi limeiUmti and thale, TWiomingo County, Mill. 
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CBETACEOUS LIMESTONE (SELUA CHALK OR " ROTTEN LIMESTONE"). 
aWMMMAI. nATUXia. 

The Selma formation of the Cretaceous is a thick series of chalks, 
chalky hmestones, and more or less limy clays, well exposed in 
eastern and northeastern Mississippi. (See PI. II, p. 68; and pp- 
77-82.) 
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The Selma chalk attains its maximum thickness in central Alabama, 
reaching a total of about 1,200 feet. Westward it thins slightly, the 
well at Livingston, Sumter County, Ala., giving a total of 930 feet, and 
the veil at Starkville, Oktibbeha County, Miss., taken in connection 
with surrounding outcrops, indicating a thickness of at least 700 feet. 
As the belt turns northward toward Tennessee the Selma chalk 
decreases rapidly in thickness and the limestone beds contained in 
the formation become fewer and thinner until in Tennessee the 
Selma is a thin series of somewhat calcareous clays, with only a few 
beds of chalk. 

Owing to the rapidity with which the Selma chalk disintegrates 
when exposed to atmospheric action, surface outcrops give compara- 
tively little information in regard to the succession of the beds. 
Fortunately, a very precise section of the Selma chalk where it is of 
almost maximum thickness is embodied in the record of a well at 
Livingston, Sumter County, Ala.,' just south of the boundaiy be- 
tween the Selma and Ripley formations. The well reached a depth of 
1,062 feet, passuig through the entire thickness of the Selma chalk 
and into the underlying Eutaw formation. 

According to Smith, the upper 20 feet are probably in part La- 
fayette and in part Ripley. From 20 to 950 feet the well was in the 
Selma chalk and from 950 to 1,062 feet it was in the Eutaw formation. 

The section of this well is given below: 

Stetion ofwdt at lAvingtlon, Sumter County, Ala. 
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LOOAI. OOOnUUVCES. 

During 1904 the Selma chalk w&s carefully mapped throughout the 
Tombigbee River basin by A. F. Crider and the writer for the United 
States Geological Survey. In later years Crider, as State geologist 
of Mississippi, covered the Mississippi locahties not visited in 1004. 
(See PI. II, p. 68.) The followii^ descriptions of localities were 
taken from Coder's manuscript notes and from his published reports, 
and rearranged by the present writer consecutively, beginning at the 
Mississippi-Alabama State line and going northward to the Mississippi- 
Tennessee State line. 

EEHFER COUNTS. 

In Kemper County, 2J miles east of Scooba, on the west bank of a 
creek (Fl. II), is the first outcrop of Selma chalk on the Scooba and 
Gainesville road. A sample taken from this outcrop by A. F. Crider 
and analyzed by W. S. McNeil, in the laboratory of the United Statts 
Geological Survey, gave the following result: 

Analgtu (^ Selma chalk ntar Scooba, Mitt. 

Silica (SiOj) 16.48 

Alumina (AlA) \ . ^- 

Iron oxide (Fe,0,) / "*"' 

Lime carbonate (CaCO,) 74. 34 

Magneflium carbonate (MgCOj) 67 

Water 67 

On the west side of Quiiby Creek, where it runs south along the 
State line, 7 miles east of Sucamooche, the Selma chalk forms a 
small bluff. The prairie soil extends 2 miles farther west. On the 
east side of the creek, in Alabama, the Selma chalk forms a bluff a 
little higher than on the opposite bank in Mississippi, exposing what 
is taken to be the top of the Selma chalk. The top of the bluff is 
capped by a coarse-grained sandstone, cemented by lime carbonate. 
In it are lime concretions the size of a man's fist. 

The upper beds of the Selma chalk also appear in the bluff on the 
east side of Quiiby Creek, 7 miles east of Sucamooche. 

A sample collected by Crider from an outcrop of Selma chalk od 
Scooba and Fox Prairie road, where it crosses Bodea Creek, about 
2 miles west of the State hne, was analyzed in the laboratory of the 
United States Geological Survey by W. S. McNeil, with the followii^ 
results: 

ATialytit o/Sebna chaltfrom Bodea Creek, Mitt. 

Silica (SiOa) 10.60 

Alumina ( AljO,) 1 

Iron oxide (Fe,0,)--- > 

Lime carbonate (CaCO,) 82. 47 

Magnesium caibonat« (MgCO,) Tr. 

Water 82 
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TTirt* miles north of Scooba the west border of the Sehna chalk 
outcrops in a series of hilU forming the south bank of Wahalak Creek. 
The bottom of the Wahalak is here 14 miles wide, the south bank 
retreating more sharply than the north. The creek has cut its chan- 
nel into the Selma chalk, which outcrops abnost continuously through- 
out its course. The limestone occurs up the creek about 6} to 7 miles 
northwest from Wahalak, but the Porters Creek clay occupies the 
country on either side. The hill just east of Wahalak is of Porters 
Creek clay, which is not over 15 feet thick. 

A sample, collected by Crider from the bed of Wahalak Creek, 
about 1 4 miles south of Wahalak, was analyzed by W. S. McNeil in 
the laboratory of the United States Geological Survey, with the fol- 
lowing results: 

ATutntUo/SfimarhaltnfarWiihalal. Min. 

SUiMi(SiO,) 20.00 

Alumina (AIA) \a m 

Iron oside (FeA) J 

Lime cftrbonate (CaCO,) 68. Bl 

M&guesium carbonate (MgCO,) Tr. 

Water 1.03 

NOXUBKB AMD LOWNDES COUNTIES. 

A sample of Selma chalk was taken north of Lime Rock, 5 miles 
east of Shuqualak, on Oaknoxubee River, Noxubee County, from a 
liluff 50 feet high composed of typical Selma chalk. The following 
analysis of this sample was made by W. S, McNeil in the laboratory 
uf the United States Geological Survey: 

Analytis of Stlma ^li war Shiqualat, Min. 

8iUca(SiOa) 8.06 

Alumina (AljO.) 1 . q. 

Iron oxide (FeA) / 

Lime carbonate (CaCOj) M.ei 

Magneeium carbonate (MgCO,) OS 

Water L32 

A sample of sandy limestone was obtained from the mouth of 
James Creek, on Tombigbee River, from an exposure of a greensand 
clay containing a laige amount of lime. Fifty feet above the river, 
IJ miles west of the mouth of James Creek, another sample of lime- 
tjtone, similar in color and general aspect, except that it has less 
greensfmd, was collected. 

Farther west the limestone rarely shows at the surface. It is 
clayey in character and is easily dissolved by the weathering agents, 
su that it breaks down into soil faster than it is carried away by 
erosions. 
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Near Cliftonville, which is 75 feet above Tombigbee River (baro- 
metric reading) , a hard cap rock, 2 to 4 feet thick, is found on top of 
the hills. This is a hard "lime" rock, similar to that found at 
Prairie Point. 

Below this hard cap rock comes what is called the "blue rock." 
A sample of it seen at a well dug years ago shows that it is similar 
to the rock at Cunningham Hill, except that it contains no sand. 
Where the blue rock comes to the surface it fonns a belt of very 
deep, black, and loose soil — the richest in the prairie r^on. More 
cotton and com are raised to the acre here than in any other part 
of the State. 

West of this region the land becomes higher, and the Lafayette 
occupies the surface on the ridges. 

The limestone at and near Macon deserves special mentdon on 
account of its abundance, the ease with which it can be quarried, its 
nearness to deposits of clay, and the facilities offered for its trans- 
portation. 

The bluff on Noxubee River at the mouth of Macon Creek, near the 
town of Macon, is about 40 feet high and extends more or leas 
unbroken to the mouth of Noxubee River. The entire bluff, except 
5 or 10 feet of surface soil, is formed of the Selma chalk. Other 
outcrops occur along all the principal streams flowing into Noxubee 
River and in the railway cuts as far south as Scooba. 

The limestone, viewed from a distance, appears to be a homo- 
geneous mass of white chalk. On close examination, however, it is 
found to have an amygdaloidal structure, as if small fragments of 
limestone had been cemented into a compact mass. A few joints 
or stratiflcation lines are visible. In places concretions of iron pyrite 
ranging in size from a buckshot to a hen's egg are embedded in the 
limestone. After long exposure to weathering agents the sulphide 
of iron changes to the oxide, leaving rusty iron stains on the rocks. 

The following are analysesof the limestone from the bluff at Macon: 



Analyia o/Selma ehalk/rm 
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A sample of limestone was collected from the ridge land 3 miles 
north of Macon and analyzed in the laboratory of the United States 
Geological ^rvey with the following results: 

Analgn* of Stlma (halt from locality Ttorth of Macon, Mil. 

Silica (SiO,) 8.52 

Alumina (AliO,) 

Iron oxide (FejO,) 

Lime carbonate (CaOO,) 83. 88 

Hagneaium carbonate (MgCO,) 0. 00 

Water 1.00 

Farther south, along the Macon and Columbus road, the limestone 
shows in every gully and on every hillside. At some places on level 
ground the soil is not over 12 inches deep. In this vicinity are the 
bald prairies, where large areas of this white limestone are exposed 
without a particle of soil or a blade of grass. A sample of the rock 
was taken 3 miles north of Macon. 

A sample of Setma chalk was taken from an old rock quarry on the 
southwest side of Bogue Chitto Creek, one-haK nule east of Prairie 
Rock, which is 12 mites east of Macon. This limestone is much harder 
than that along Oaknoxubee River, in the vicinity of Macon. In the 
unweathered state of the Macon rock it is very soft and noncrystalline 
and can easily be pierced by a pick; but the limestone near Prairie 
Rock, however, is a hard so-called "flint rock," crystaUine in charac- 
ter, and is used for building purposes. The rock at Macon, when 
exposed to the weather, becomes white as chalk; that near Prairie 
Rock weathers to a dirty gray and contains some traces of iron stain 
on the weathered surfaces. This is due to the oxidation of the iron 
sulphide (pyrite), which is found in small concretions in the fresh 
rock. 

An analysis of this limestone at Prairie Rock, made by W. S. McN^eil 
in the laboratory of the United States Geological Survey, shows that 
the stone is very pure, in spite of the manner in which it discolors- 
on weathering. 

Analj/tit ofSelvut ehali/rom Prairie Rock, Mitt. 

Silica (SiO,) 1.13 

AJumina (AU>,) I 

Iron oxide (FejO,) | 

Lime carbonate (CaCOj) 98,36 

UBgnesium carbonate (MgCO,) Trace. 

Water 40 

The rock breaks down easily when exposed to the weather and 
hence is not now extensively used for building purposes. It ia, 
however, the only road material found in this section of the country. 
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It has been used on the road across Bogue Chitto swamp but is 
unsatisfactory. 

In Bouthwestem Lowndes County excellent Portland cement ma- 
terials are found along the divide between Tombigbee and Noxubea 
rivers. 

On J. B. Brooks's land, near Crawford, much of the overburden 
has been removed, leaving the white Selma chalk at the surface. Tlie 
limestone from this place contains about the proper proportions of 
lime carbonate, alumina, and iron oxide for Portland cement. It 
contains a small amount of magnesia but not enough to injure it. 
To make a suitable cement this limestone must be mixed with a clay 
containing a low per cent of silica. 

Aiialglil t^Stlma dialtjrottt Crawford, JfiM.. 

Silica (SiO,) 8.88 

Alumina (AljOj) ^ 

Iron oxide (Fe,Oj) / ^•* 

Calcium carbonate (CaCOj) 78.73 

Magneeia (MgO) 1.22 



In the eastern half of Oktibbeha County the Selma chalk is char- 
acteristically developed. A few small patches of the Lafayette 
remain on some of the divides, but the rest of the surface is formed 
by the residual loam of the "prairie soil" and the white rock of the 
Selma. One to ten feet of Selma chalk may be seen in almost every 
cut along the Illinois Central Railroad from Starkville to West Point, 
and similar outcropa occur along the Mobile & Ohio Railroad from 
Starkville to Artesia. The thickness of the Selma in the city well at 
Starkville is about 750 feet, and 50 feet or more is exposed in the hills 
to the north. 

The following samples of Selma chalk, collected by W, N. Logan 
from Oktibbeha County, were analyzed with the following results: 

AnidyMi of Selma dtaU/Tom Oktibbeha County, Mitt. 
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The character of the limestone from other localities in Oktibbeha 
County is shown by the following analyses: 



Avalyia o/Selma chalk from OtmhOa Cminty, 
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One of the best exposures of the Sehna chalk in the northern and 
central portions of the Sehna area is found in the town and vicinity 
of Okolona, in Chickasaw County. In a few places the sandy loam 
of the Lafayette formation is present, but over the greater portion 
of the area it has been removed, leaving large patches of exposed 
limestone known as "bald prairie." The limestone has become 
white by reason of long exposure to sun and rsin, in this respect 
resembling the "white chalk" exposed in the bluffs along Noxubee 
and Tombigbee rivers. 

Ntunerous outcrops of the Sehna in southeastern Chickasaw and 
western Clay counties have been carefully described by Hilgard.' 

The country is dotted with outcrops of the Selma chalk along 
Cbookatonkchie, Houlka, and Okatibbeha or Tibby creeks and on 
the eastern slope of Pontotoc Ridge, projections of which extend 
southward between the above-mentioned streams. The limestone 
in northwestern Clay County has been penetrated in wells at a depth 
of about 500 feet. 

A sample of the limestone from the railroad cut at the Mobile & 
Ohio station at Okolona was burned in a forge at a white heat for 
15 minutes and was slaked by pouring water on it; it immediately 
broke down into a beautiful white lime. The following analyses 
were made of this limestone: 

Anaiytu of Sehna thatkfrom Oholvna, Uiu. 



Slllc«(SiO,) 

Alumiu <AliOi) 

Inn oxide (Pe>Oi) 

Llm«(aTboiwIe{CaO) 

HvDcslum carbonata (UgO) 

VoEtlle nurtler (COi) -... 

SuWiiirtrtoilde<ao,) 

1 HOpud, E. W., RspOTt OD tb> KMlofT ol Hlalnlppl, IWa 
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UK COUNTY. 

The town of Tupelo is built in the v&lley of Oldtown Creek, a large 
tributary to Tombigb«e Kiver. In the lower portions of the town 
the alluvial soil is 20 feet thick. The hills to the east have a thin 
covering of Lafayette. To the northwest the Lafayette and residual 
Selma form the fertile farming land. The Selma chalk itself is found 
only in wells. Below is the record of an avert^e artesian well in 
Tupelo: 

Reeard of artrtian v<eU in Tupelo, Miu. 

F«at. 

Surface soil 20 

" Blue rock" with Bomeaand (Selma) 100 

Blue liraeHtone (Selma) 130 

Pins gray Band, water bearing 10 

Clay ("Hoapstone") 4 

White sand, wal«r bearing 10 

Clay ("soapBtone") 20 

Fine white aand, thickneee und«t«rmiiied. 

Hie above record shows 230 feet of Selma chalk. The upper 100 
feet of "blue rock" ia reported as containing some sand and is per- 
haps a calcareous greensand or else is a stratum in the Selma not 
yet discovered at the surface. The latter theory is hardly probable, 
however, as so great a thickness would not have escaped detection 
in the detailed work on the formation in Alahama and along Tom- 
bigbee River in Mssissippi. 

The first cut on the Mobile & Ohio Railroad south of Tupelo exposes 
the Selma from the surface to the bottom of the cut. AU the deep 
cuts from Tupelo to Verona penetrate the surface soils and reach 
the Selma, which is also shown by outcrops on the sides of the wagon 
road and in the open field about 2^ miles south of Tupelo. In other 
places along the road between Tupelo and Verona and in numeroxis 
places west of Verona the Lafayette has been removed by erosion, 
exposing the Seima. On the more level lands the residual soil of 
the Selma forms the well-known "prairie soil." During the veiny 
season the constant kneading of the "prairie soil" by wheels of 
vehicles and horses' feet forms a tough, plastic clay, which, when 
once recognized, can never be mistaken. Even if there is no out* 
crop of the Selma near, the "prairie soil" indicates that the Selma 
is but a few feet or perhaps a few inches below the surface. 

A sample of the Selma collected from the roadside about 2) miles 
south of Tupelo shows the following analysis: 
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Analgtia o/Selma Aalk ti miUt touth of Tupelo, Um. 

SilkafSiO,) 22.76 

Alumina (Al A) 4.M 

Iron oxide (FbjO,) 6. 46 

Lune(CaO) 34,31 

Magnesia (MgO) 05 

Volatile matter (COj) 28.25 

Sulphur trioxide (SO,) 43 

Moisture 2. 10 

Pine exposures of the Selma are found on Coonewah Creek, about 
5 miles west of Tupelo. It is overlain .in places by 6 to 10 feet of 
yellow clay. The Selma continues westward to 3 or 4 miles of 
Pontotoc. In southeastern Pontotoc County it is reported to be 
750 feet thick. 

A sample of the Selma, collected by W. N. Lt^an a mile west of 
Tupelo, on the Tupelo and Pontotoc road, shows the following 
atialy^s: 

Analytia of Selma chaU: a inilt viat of Tupelo, Mitt. 

Silica (8iOj) 14.84 

Alumina (A1,0,) 15.59 

Iron oxide (Pe^O,) 4.50 

Lime(CaO) 32.89 

Hagneeia (MgO) 41 

Volatile matter (CO,) 27.10 

Sulphur trioxide (SO.) 3.30 

Moisture 1.08 

PHRNTlSe COUNTT. 

In the deep cut on the Mobile & Ohio Railroad in the town of 
BooDeville, the typical Selma chalk is exposed beneath a thick 
covering of sandy loam (Lafayette). The compact nature of the 
Sebna prevents water from penetrating it, hence many wells obtain 
water from the base of the Lafayette, and many small springs issue 
from its contact with the underlying Selma. 

From a well record it is found that the limestone at Booneville is 
52 feet thick. One-fourth of a mile east it is only 25 feet thick, and 
three-fourths of a mile east it is absent. It outcrops in the hills 
West of the town and is encountered in all the deep welts as far west 
as Jumpertown. The Mobile & Ohio Railroad follows approximately 
the eastern limit of the Selma between Booneville and Tupelo. The 
eastward extension of the Selma at Booneville is due to the fact that 
the divide between the waters of Tuscumbia and Tombigbee rivers 
has suffered but little erosion. South of the divide the headwaters 
of Tombigbee River have carried away a large amount of the Selma 
and have caused the outcrop of the contact between the Selma 
chalk and the underlying greensands of the Eutaw formation to 
awing westward in the vicinity of Wheeler, Baldwin, and Guntown. 

Google 



236 PORTLAND CEMENT MATEBIALS OF UNITED STATES. 

At Guntown the lowest beds of the Sehna are exposed just north 
of the station in a railway cut that shows a compact ledge of fossil- 
iferous limestone about 2 feet thick dipping strongly south and 
underlain by a bed of greensand, which extends to the bottom of 
the cut. The main body of the Sehna hes west of Guntown. Ilie 
basal members here as elsewhere contain too much sand to be used 
in the manufacture of Portland cement. 



Corinth is built in the valley of a small stream which Sows into 
Tuscumbia River. On the west side of the town a low range of hills, 
rising 30 to 40 feet above the valley, is cut by the Southern Railway 
about one-eighth mile west of the station. The cut shows 5 to 8 
feet of surface sandy loam, underlain by an equal thickness of Sehna 
chalk extending to the bottom of the cut. The Sehna at this place 
can hardly be called a limestone. Itia the "blue rock" which occurs 
near the bottom of the formation and is more properly a compact 
calcareous clay, which can be broken into rectangular blocks, and 
which shows small needle-like crystals of selenite in the cracks and 
on exposed surfaces. The thickness of the Selma at Corinth is less 
than 100 feet. 

The following analysis shows a liigh percent^e of silica, a condition 
characteristic of the lower beds of the Selma. Higher in the formation 
the percentage of lime steadily increases, and the siUceous material 
correspondingly decreases. Purer limestone is found in the railway 
cuts west of Corinth. 

Avaigtu of Selma chali/nrm CorinA, Hit$. 

Silica (SiO,) 25.40 

Alumina {AljOj) 0. 88 

Iron oxide (FejOj) 8.62 

Lime(CaO) 26.37 

Magnesia (MgO) 58 

Volatite matter {f 'Oj) 23. 70 

Sulphur trioxide (SO,) 64 

The Selma underlies the surface covering for 6 to 10 miles w^t of 
Corinth and for 3 miles east. It gradually thins to the east and 
disappears completely in tlie low north-south hills 3 miles east of town. 

At the western end of the 90-foot cut on the new line of the Illinois 
Central Railroad, 3 miles east of Corinth, the blue limestone of the 
Selma extends to the bottom. At the eastern end it forma a tliin 
stratum and farther on disappears. The lowest member of the Selma 
is underlain by a bed of oxidized calcareous sand bearmg fossils. 

The Selma is exposed in almost every cut of any depth along tlie 
Southern Railway from Corinth to the Tennessee State line. A lew 
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hundred yards west of Wenasoga, 12 feet or more of bluish calcareous 
clay are exposed in the railway cut. At the little town of Chewalla, 
across the line in Tennessee, it was penetrated in a well having a 
depth of 350 feet, at least 300 feet of which is limestone. 

The Selma is encountered in wells at DanTille, Kienzi, and Thrashw 
near the eastern edge of the Selma, where, as shown by the well 
records, it contains more or less sand. The towns are on the Mobile 
& Ohio Railroad, which follows along the second bottoms of Tus- 
cumbia River, where no outcrops of the Sehna appear. 

TERTIARY LIMESTONE (VICKSBUBO LIHSSTONE). 
DUTUBirnov. 
A narrow belt of Umeatone of Tertiary age crosses the State from 
near Waynesboro to near Vicksbui^g. Tliis is the Vicksburg limestone 
wliich, together witli tlie underlying Jackson formation (marls and 
clays), is equivalent to tlie St. Stephens limestone of Alabama. 
(See pp. 82-85, and Fl. II, p. 68.) In Mississippi the Vicksbui^ lime- 
stone generally outcrops in a low ridge that trends generally a Uttle 
north of west. The southern slope of this ridge is gentle, but its 
northern face is sharp, making it easy both to locate the outcrop and 
to quarry the limestone. 

LOCAL OOOOKBXHOn OW TIOVSBVBa VKEMTOXE. 

By A. F. Cridbr. 

GBHBRAI. rBATUEBS. 

In Mississippi the Vicksbui^ includes thin beds of fine-grained 
nonmagnesian limestone 1 to 4 feet thick, alternating with highly 
calcareous marl beds more or less indurated in places and hearii^ a 
rich fauna of Oligocene age. Some of the ledges of limestone make ex- 
cellent building stone and lime, but ihe great amotmt of interbeddsd 
marl and surface material make quanying unprofitable. 

The alternating nature of the limestone and marl is shown in the 
following section of the bluff at Vicksburg,' between the city and the 
National Cemetery: 

Stclion of lie bluff at VKltburg, Mim. 

1. Pint etratum of limeslone from top, overlain by loesa 10 

2. Gray to yellowish marl 9 

3. Heavy-bedded limeetone 46 

4. Indurated marl 34 

6. Thin calcareous plaatic clay 2 

6. Indurated marl 6 

7. Clay similar to No. S 2 

' CMd«r, A. F., 0ei>l<]C7 and mloBia] raourccB Dl MJsEnlppt: Bull. U. S. CI«oL Ban»J NO. 388, 190^ 
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lodML 

8. Indunted marl 5 

8. Cl»y ^ 

10. Hud limestone IS 

11. Clay and marl Vt 

12. Indurated marl 21 

13. Limeetone IS 

14. Gray marl 18 

15. Limestone IS 

16. Marl a-6 

17. Hard limeptonee 52 

18. Marl 6 

19. Limeetone LI 

20. Mart 17 

21. Limeetone 20 

22. Mail 45 

The above section contains 17 feet .'j indies of hard limestone and 
16 feet 8 inches of marl aiui clay. The impracticability of using tlie 
hard limestone without using the marl and the clay is at once apparent. 

One of the special features in the study of this formation has been 
to determine the possibility of utilizing the marts in combination with 
the limestone in the manufacture of Portland cement. A large num- 
ber of analyses of the marls from different localities show that thej' 
contun no large amounts of injurious properties and can be used for 
cement as they come from the quarry. The marls and the claj's 
supply tlie silica and alumina for Portland cement and are therefore 
of equal value to tlie limestone. In fact, a general average of the 
analyses of tlie limestones and the interbedded marls gives the 
desired mixture for a Portland cement, without the addition of other 
materials. 

In the central and eastern parts of the State the Vicksbui^ is more 
homogeneous than it is in the western part. In Smith County it ia 
a soft porous limestone known as the "chimney rock." It is quar- 
ried for chimneys and foundation pillars by sawing it into any 
desired shape with a large saw. On exposure to the air it hardens 
and lasts for 30 to 40 years. The "chimmey rock" is one of the 
purest forms of the Vicksbiii^ limestone. 



The typical locality of the Vicfcaburg Umestone is in the bluff in 
and near the city of Vicksburg. In the bluff overiooking Mississippi 
River just below the oil mill, one-half mile south of the confluence 
of Yazoo and Mississippi rivers, is a limestone outcrop 800 feet long. 
On the slope above the oil mill the limestone underhes a thin veneer 
of soil. It is exposed in a few places between the oil mill and the 
National Cemetery. Its top forms a benchUke terrace viach 
extends back to the foot of the loess bluff. 

_,.„ Google 



Seetion of Vidaburg limeglone at oil mill, t\ miUi toiUh of Victiburg, Miu. 



1. LoesB in the bluff back from the rivet 100 

2. Mtfl 2 

3. Le^e of hard limeetone 3 

4. Bed rf eoft mari 3 

5. Ledge of limeetoDe 5 

6. Harl stiMum '. 5 

7. Ledge of hard limeetone 5 

8. Hard limeetone 3 

9. Bed of compact marl 5 

Water's edge. 

The thickness of the exposure in the above section is about one- 
third the entire thickness of the Vicksburg hmestone. 

Analyses of each stratum from 3 to d inclusive appear, corre- 
spondingly numbered, in the table below. Analysis 10 is of a lime- 
stone from Steels Bayou, Vicksburg. 
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A small fragment of limestone from each of stratums 3, 5, 7, and 8 
was pulverized and the mixture analyzed with the results given in 
column 1 below. A similar analysis was made from a mixture of 
the marls with the results given in column 2. 

Artafyia of limeMtone and marUfrom Vichtburg limeitow at Victtfrurg, MUt. 



eiuca{aio>) 

Alumma (AliOi) 

Iron Olid* (FoiOi) 

LimeCCaO) 

CarboD dlozlds (COi) 

l£««n«»ta(l£(0) 

A]k«ll<lt,0) 

BulphnrlcuhTdride (SOi) 

PhMptHrlc»cId<F,0.) 

iDsriubla iDBttgr, tciI»UI« (oreuilo). 
llolMan 



The Vicksburg outcrops at intervals in the bluff from the city of 
Vickabu^ to the town of Bedwood or beyond; the limestone occurs 
beneath a thick overburden of Lafayette and loess, which attains a 
maximum thickness of about 175 feet. 
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In the hills south of Vicksburg the "Grand Gulf clays" are founil 
on the hillsides and in the bluffs beneath the loess and the Lafayettf, 
in places as a highly plastic gray clay interbedded with aluminous 
sandstone. A sample collected 5 miles south of Vicksbui^, on the 
old Boche land, was analyzed with the following results:' 

Analytit o/ctay S mika $outh of Vid:thtrg, Miat. 

Smca(SiO,) 58. » 

Alumina (AljO.) !»■« 

Ferric oxide {Fe,0,) LOS 

LimB(CaO) l.« 

Magneeia (MgO) 1.66 

Sulphur trioxide (SO,) Tntce. 

Moisture 3. 19 

Loss on ignition 8. 26 



The Vicksburg Umestone outcrops in the hills northwest of Byram 
and is exposed in the railway cut a mite north of the station. The 
hard limestone on the little hill west of this exposure was formerly 
used for making hme. 

Hard limestone interbedded with indurated marl is exposed in the 
banks of Pearl River from about one-fourth mile below to 2) miles 
above Byram. The rocks show a gentle fold whose axis extends 
approximately east and west. 

Samples of limestone and marl from the bank of the river at Byram 
were analyzed, with the following results: , 
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About 2) miles north of Byram, on the east bank of Pearl Biver, 
the following section is exposed: 

BeeRon of Vitk^ntrg limaUms «1 mtfe* north of Byram, Mitt. 

Limestone, gny, rotten; containing grains of gUuconitic eand Zi 

Limestone, harder, gray 2* 

Marl, indurated, biovn 24 

Limeetone, hard, compact, gray 16 

Mail, Bott, yellow 14 

■Btnl. U. 8. OeoLBiirTdf No. 383,lWa,p.<ia. 



Lixnestone, very h&rd, gny 

CUy, gray, mariy 

Limestone, compact 

M&rl, indimted, white togiay 

Limestone, fernigiaat«d, sandy 

GraensBiMl marl; baaeof ezposuie.. 



The Vickaburg limestone outcrops in the first cut south of Plain, 
on the Oulf £ Ship Island Railroad, in an exposure composed, as at 
VicksbuTg, of alternating beds of limestone and marl. At the topof 
the formation is a plastic calcareous red clay, formed from the 
decomposition of the limestone and the marl. Samples of each 
stratum in the cut were analyzed, witli the following results: 
An4ityiet of timalone and marUJrom Vichtburg limattmt ntar Plain, Min. 
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The Vicksbuig limestone can be easily traced by the outcrops in 
the hills from the exposure in the railway cut south of Plain westward 
to Pearl River and eastward to Brandon. The thickness exposed is 
nowhere great, in few places amountmg bo more than 20 feet and in 
many places to much less. 



The Vickaburg limestone is exposed at the railway station at 
Brandon and for one-fourth mile to the west. Another exposure ia 
at the old Yost limekiln site, a mile east of the station. 

The most complete exposure of the Vicksbuig, east of Pearl River, 
is at the old Robinson quarry, about 4 miles southeast of Brandon, 
where the formation is made up of hard ledges of crystalline limestone 
alternating with beds of calcareous mart of about equal thickness. 
This rock was quarried for some time by a firm in Jackson and was 
crushed and used in the foimdation of the new State capitol. Work 
was discontinued because of the great amount of useless marl which 
had to be removed to get the rock. The analyses given below show 
that the marl and limestone could all be used in making Portland 
cement. 

This material is easily quuried, as there is little or no superin- 
cumbent matter, A spur from the main line of the Alabama & 
48834"— Bull. 522-13 16 
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Vickflbui^ Railway has been built from Rankin to the quarry, giving 
an easy outlet. 
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Numerous outcrops of the Vtcksburg limestone appear between 
Brandon and Bayspring, but all are so far removed from lines of 
transportation that their immediate value is small. Only the most 
important outcrop will be described in this report. 

On the east side of Tallahala Creek, about 4 miles west of Bay- 
spring, the Vicksburg limestone outcrops in the road and on the 
side of the hill. Above the limestone is a pink plastic clay very 
similar to the clay overlying the limestone 1 i miles south of Plain 
(see above). The thickness of the Vicksbui^ here is 65 feet. 

The uppermost member of the Vicksburg is a ledge of hard, bhiisli- 
gray limestone, which is so much more resistant than the overlying 
"Grand Gulf clay" that it forms a marked bench along the hillside. 
The absence of mar) beds alternating with harder ledges of limestone 
is noticeable. The top of the formation is capped with hard time- 
stone, but all the material underneath this to the bottom of the hill 
is a soft, porous, white to yellowish limestone. The harder ledges 
of limestone were formerly used for burning lime. 



On Mr. Houston's land, 2 miles west of Sylvarena, is a quany 
where for 17 years the soft porous limestone has been sawed out for 
building chimneys. The rock for 3 to 4 feet below the surface has 
disintegrated into a rotten mass, easily picked to pieces with a spade, 
but below this it is sufficiently compact to be used. Chimneys built 
of this rock first disintegrate at the top. The rock is very porous; it 
fills with water, which freezes in the winter and causes it to break. 
The rock has also been used for making Ume and doubtless is very 
desirable for this purpose, as it is almost pure lime carbonate. The 
hard upper ledges of the Vicksburg outcrop in the hills north and 
east of Uie town of Voshurg. 
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Two samples of limestoae were collected near Nancy, Clarke County, 
by W. K. Logan and an&lyzed with the following results: 

Analyiet of Vititburg limettoru near Nanq/, Clarke Cmmiy, Mi**. 



SItti»(S10() 

Atumlna (A]K>i) 

l™ ojtlde (FoA) 

Liroe(CBO) 

MKDesta (ifO) 

Vobtilo matlei (rOi|.... 
Sulphur trloilde (SO,). .. 



Near Red Hill ' in Wayne County, on Limestone Creek, the Mobile 
& Ohio Railroad is cut through a considerable hill, where the Eocene 
limestones are well exhibited. Limestone Creek, which runs south 
of the cut on the railroad and empties into Chickasawhay River 
about 400 yards from it, contains large ledges of hard compact lime- 
stone. About 1^ miles southeast of the cut sandstone, which appears 
south of th« cut and is not well cemented, crops out as a hard lime- 
stone, an excellent material for building. Three analyses of the 
limestone are given by Harper:' 

Analyaa of Vidaburg limtttontfrmn Rat Hill, Waipte Countg, Xi*t. 
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Hilgard,* in speaking of the Yicksbui^ hmestone, says: 

On the ChicktuQwhay, between Red Bluff and the latitude of Waynesboro, both 
marie and limestone crop out with frequency; the game ia the case on the creeks on 
the east sido, as on Cakcheys Mill Creek and Limestone Creek, especially near the 
mouth of the latter, at the foot of the hill on which Dr. E. A, Miller lives — the moet 
soulheriy outcrop of the calcareous VicksbuiR on the Chickamwhay. The eections 
exhibited here in the river banks and cuts of the milroad correspond ho closely to those 
between Yost's limekihi and Brandon depot that the specimens can hatdly be dis- 
tinguished from each other when placed side by side, the only difference being the 
great abundance of Orbitoidee in the aoft white marl intervening between the strata 
of rock. The ledges of hard limestone (in Wayne County) are not bo well defined— 
the rock being softer and whitiah. 

■ HBrper, L., Oeotogy md agrlcultura ol lltsstssfppi, ISST, p. IM. 
• HSgKd, E. W., OeokigTaf llinlaalppl, IMO, p. 148. 
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Clay for addition to the purer grades of Selma chalk, where such 
addition is required to make a good cemeAt mix, may be obtained 
from the residual beds of the Selma or from the Porters Creek clay. 



mXSIDITAI. OIATI or THB BSUU 



The Selma chalk on weatherii^ leaves behind heavy deposits of 
residual clay. These can generally be found in close proximity to 
the chalk beds and are for that reason the most available supply for 
cement plants. They are, however, conunonly low in silica and 
relatively high in alumina and iron. 

The following analyses ' indicate the range in composition of the 
residual clays of the Selma: 

Analyta o/raidual daj/t of Selma chalk, Mitnnippi. 
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1-3. West Point. 



5-7. AETkulQinl CoUsfe. 



Adjoining the Selma chalk belt on the west and in some places 
overlying the chalk deposits is the Porters Creek clay, a series of 
clays wUch for the most part are excellent for use with the Selma 
chalk in a cement mixture. The Porters Creek clay is described as 
follows by Crider:* 

Immediately above the Selma limeetone, south of HoustoD, the Porters Creek clay 
outcrops in a belt 2 to 15 miles wide. North of Houaton the Ripley aad Clayton lime- 
etenea intervene between the Selma and the Forters Creek formations. It ia knoirn as 
the " Flatwoode" country and in placee ia chmBcterized by low flat land resembling 
the broad bottom of a large river. The Porters Creek clay is a dark clay which has a 
tendency to break intorectAngularblockawhenespoBed to thesun. It contains Binall 
flakes of mica, which in placee have been segregated into small dikes. 

Excellent exposures of the Porters Creek formation occur throu^out the Stale 
where the Lafayette has been removed. The Mobile, Jackson & Kansas City Bailroed 
has made deep cuts into the clay at Walnut, Ripley, and along the divide between 
Houston and Maben. The Southern Railway, from West Point to Winona, cuts into 
the Porters Creek in the hills between Maben and Pheba, 

A sample of the residual Porters Creek day from 1 mile west of Starkville was 
analyzed, with the results following. 



I Boll. UlmbalppI Geol. Surver No. 1, 1907. p. 95. 



1 Idem, pp. S!MT. 
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Analyiit o/retidual PorUrs Creek day from 1 mile vetl o/StarkviUe. 

Saica(8iOj) 75.60 

Alumina <AiaO,) 7-00 

Iron oxide (FejO,) &24 

Lime(CtiO) L20 

Magnesia (MgO) 67 

Volatile matter (CO,) 191 

Sulphur trioxide (SO,) 25 

MoiBture 2.87 

The foHoning analynefl of the Porters Creeli dayweremadefnun different localitiea 
ill the State: 

Analyaei of Portm Crrek clag. 
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1. Reddua] clay Irom near MaOHl. 

2. K««ldual clay tram Wnbalak. 

i. Portm Creek clay Irom WlnEton Cotrnty. 

The nlinois Ceatial Railroad from Starkville to Arkertnan rrOHsee the Porters Creek 
rl^y, ahowing deep cuts of laminated grayiah clay. 

Again, on the Mobile & Ohio Railroad, between Rrooba and Ijkuderdale. occurs the 
mme characteristic clay which has been traced across Alabama, Uiasissippi. western 
Tenneffiee, and Kentucky. 

A sample of the Porters Creek clay from the town of Scooba was analyzed in the 
laboratory of the United States Geological Survey ' with the following results: 
Analytia of Porltn Cretk elayfrom Si-ooba, Mui. 
[W. S. UcNl«l,aiialyN.| 

Silica (SiO,) 61.92 

Alumina (Al,0,) IB. 47 

Iron oxide (FojO,) 2. 81 

Magnesia (MgO) 1.98 

Soda(Na,0) 50 

Loesoo ignition 12.29 

BIBLIOOAAPHY. 
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PORTXiiND CEMENT RESOURCES OF MISSOURI. 

QBNB&AL FBATUBBS. 

Missouri now ranks seventh among the States as a producer of 
Portland cement, its output during 191 1 haying been more than 
4,000,000 barrels. This output comes from four plants, one of 
which is of very large capacity. It is probable that in the future 
the output will show still further increases. 

The probability that Missouri will always maintain high rank as 
a cement producer is due to the fact that the thickest and purest 
limestone beds of the State outcrop along Mississippi and Missouri 
rivers. Plants located on these limestones are therefore assured of 
cheap fuel and of both water and rail transportation to a number of 
important cement markets. The extensive areas of good limestone 
in weetem Missouri are also assuming increased importauce, owing 
to the falling off in the natural gas supply in the Kansas cement area 
and the resulting tendency to equalization of costs with that com- 
peting district. 

POBTLAND CEMEHT HATBBIAI.8. 
DISTRIBUTION, 

The limestones of Missouri best adapted for use as Portland cement 
materials are mostly of Mississippian and Ordovician age, the Cam- 
brian limestones, which cover nearly all of the southeastern portion 
of the State, being almost all too high in magnesium carbonate to be 
available. It must be noted, however, that certain Silurian forma- 
tions, including those outcropping along Mississippi River between 
Chester, HI., and Cape Girardeau, Mo., include limestone beds suffi- 
ciently low in magnesia to be worthy of investigation. (See PI. XI.) 

The geologic relations of the limestones and of the shales and clap 
which will be required for mixture with them are indicated below: 

Portiim a/gtohgie column in Mittouri. 

QuAterouy LoeBBand sur&ce clays. 

i' ' Upper Coal Ueaaures " ShaleB, sandstoDM, etc. 
"Lower Coal Measures" Coai beds, sWee, »tc. 
MiaaiaeippiaQ Limestouea, eandatones, and 
shales. 

Devoni&D Dark-colored ahalea. 

Silurian Uagaeman limesbmes in pert. 

i Girardeau limestone Shale and sandstone. 
Thebes formation Shale and sandstone. 
Kimmswick limoHtone Limestone. 
Plattin limestone Limestone. 

Lower Ordovician and Cambrian Magnesian limestcaies, euid- 

stone, etc. 
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In the following deecriptions atteatlon is paid mainly to the 
Kimmswick and Plattin limestones (formerly called "Trenton" 
limestone) and to the Miasissippian, which contain most of the non- 
magnesian limestones occurring in the State. 

EIMMBWICK AND PLATTIX LIMESTONES. 

The Kimmawick and Plattin limestones occur in two separate belt* 
in eastern Missouri, both of which are well located with regard to 
railroad and water transportation. 

The smaller belt hes in Ralls, Pike, and Lincoln cotmtiefi, the lime- 
stones outcropping as a belt I to 3 miles wide, commencing near 
Spalding, Ralls County, and running southeastward to Mississippi 
River near Busch, about 10 miles south of Hannibal. From Busch 
the belt follows the river southward to near Cap au Gris, Lincoln 
County, where it turns sharply northwest and runs nearly to Edge- 
wood, Pike County. 

The second and much larger belt commencee in southern Callaway 
County and runs eastward parallel to and a few miles north of 
Missouri River, through Montgomery, Warren, and St. Charles 
counties. It crosses Missouri River at Hamburg, St. Charles County, 
and turns southeastward through St. Louis and Jefferson counties, 
reaching ^fississippi River at Kimmswick. From this point south to 
Cape Girardeau it follows the river closely, appearing eitlier in the 
bluffs or only a few miles west of them. 

The Plattin limestone is generally bluish to gray and black, and 
the Kimmswick is light colored, in places almost white; locally, thin 
transition beds of shale or earthy limestone intervene between the 
two. As shown by the analyses in tlie following table,* both lime- 
stones are commonly low in magnesia, and though some beds may 
show 5 to 10 per cent of magnesium carbonate the mass of the forma- 
tion is suitable for Portland cement material. 

Ajialyiei o/Kimtntwieh and Plattin limeiUmeifrvm MisiofiH. 
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3. OlBDooe Co., aoiith quarry, Olencoe, St. I«uls CouDly. 

4. OtaDCW Co. mlddlB qiuury, Okm™, St. Lout County. 
S-IO. aiouwB Co., Datb quut;. OIUMoa, St. LooU CouDty. 
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LATE OBDOVICUN SHALE. 

Overiying the Kimmswick: limestone is a late Ordovician bluish to 
greenish shale, much of which contains a large percentage of lime. 
North of Lincoln County thin bands of pure limeetone, varying from 
a few inches to a few feet in thickness, are commonly interbedded 
with the shale. These limestone bands become more numerous and 
thicker as the base of the shale is approached. The shale varies 
from a knife-edge to over 100 feet in thickness. In its exposures 
near Mississippi River, in Kails, Pike, and Lincoln counties, it is 
generally overlain either by Devonian shales or by tlie great seties 
of Mississippian limestones described on a later page. The following 
analysis * is of a specimen from near the base of the river bluff at 
Liouisiana, Pike County: 

Awtlj/iii o/ hde Ordovidan AaUfrom Louitiatia, Fite CoutUd, Mo. 

Silica (SiO,) 57.01 

Alumina (A1,0,) 24,43 

Iron oxide (Fe,0,) 5. 77 

Lime{CaO) 1.40 

Magneai* (MgO) 49 

Alkaliee (K,0. Na,0) 3.81 

Combined water 7.20 

Uoifitme 43 

DEVONUN SHALES. 

In the northern portion of Missouri (see PI. XI) dark-colored shales 
of Devonian age appear in places above the late Ordovician shales 
and below the Mississippian limestones. These Devonian shales vary 
from 10 feet or less to 50 feet in thickness. At Louisiana, Pike 
County, 8 feet of Devonian shales appear in the river bluffs, overlying 
the Ordovician shale, whose analysis is given in the preceding table. 
In Jefferson County, as at Sulphur Springs, similar shales rest on tlie 
Kimmswick limestone, but their distribution is very irregular. 

MISBISSIPFIAN ("LOWEB CARBONIFEBOUS " ) LIMESTONES AND SHALES. 

The Mississippian limestones are the surface formations over 
almost one-fourth of Missouri. Their three most prominent areas 
of outcrop, which lie along Mississippi and Missouri rivers and in 
southwestern Missouri, are connected by narrow bands so as to really 
form portions of one luge area, but for convenience th^ are dis- 
cussed separately. The Mississippi River area, ' which is the most 
promising of the three, is discussed in greater detail than the others. 

In southwestern Missouri the ^lississippian hm^tones form the 
surface of the greater part of McDonald, Newton, Jasper, Bany, 
Lawrence, Stone, Christian, Greene, Dade, and Cedar counties, 



d QttA. Surrey, vol. 11, iwa, p. IM. ( 1 X ^^ 1 1' 
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the southwestern half of Folk, and smaller portions of Barton, 
St. Clair, Hickory, and Benton counties. This extensive limestone 
area is crossed by Beveral railroads, but the competition of Kansas 
plants using natural gas would make ^[ainst the success of a cement 
plant. 

On and near Missouri River the Mississippian limestones cover 
most of Pettis, Saline, and Cooper counties, on the south bank, and 
outcrop continuously along the north bank from Miami station, 
Carroll County, through southern Howard County to below Roche- 
port, Boone County. The limestone belt then leaves Missouri River 
and turns eastward, through Boone, Callaway, and Montgomery 
counties, to join the Mississippi River limestone belt discussed below. 

In northeastern and eastern Missouri, along Mississippi River, a 
veiy extensive and important area of Missiasippian limestones 
cover the eastern half of Clark, all or almost all of Ijewis, Knox, 
Shelby, Marion, Monroe, Ralls, Pike, Lincoln, and St. Charles coun- 
ties, and portions of Montgomery, Warren, St. Louis, Jefferson, 
Ste. Genevieve, and Terry counties. The distribution of the lime- 
stones in these counties is shown in detail on the geoI<^c map of 
northeastern Missouri. (See PI. XI.) 

The limestones appear continuously in the river bluffs or in stream 
cut-s along the west bank of the Mississippi from the Iowa State line 
to a point about 10 miles south of Hannibal. Here the Missisaippian 
limestones leave the river for some distance, Silurian rocks appearing 
in the bluffs from below Saverton to Cap au Gris. At Cap au Gris 
the limestones again appear and form the river bluffs as far south as 
Kinmiswick, in Jefferson County. Ordovician rocks then appear on 
the river bank for about 12 miles, but from about 5 miles below 
Crystal City the Mississippian limestones show almost continuously 
to less than a mile south of Wittenbei^, where they finally disappear. 

The Mississippian rocks of Missouri include several thick limestone 
formations and at least one thick series of shales. The limestones 
are almost invariably good Portland cement mateTials. 

The following section is exposed in the river bluffs at Louisiana: 
Section of river bluff at Loviiiatia, Pike Coimlg, Mo. 

FnL 

Surface cUy, yellow 10 

UieeuBippuui: 

Limestone 70 

Shale, BBUdy 10 

Shale, olive 70 



Devoiuaii: 

Shale, dark, jlaty 8 

Silurun: 



Oidovician: 

Shftle, blue \-'H->(^ 
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ATtalyta of Mitmuippian Umalotui, Mitaouri. 



Almnlna (AliO,) ud Ir 
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1.41 3.23 l.«8 



1. Villev Fuk nllrMd cul, St. Louis Coimtr. Bull. Ulwuri Qeol. Biavej No. 3. 1890, p. 
I. VlnagUUooqiUnT.St.LcHllaCoanly. Idnn. 

3. Bt. Loali,fit. LDUliCoantv. Idem. 

4. QoeUqiunT7,BvtaldVHl!cr.BI,Loula County. Idem. 
S-S. Wocilioaw quairy, Bt. Loub Count;. Idun. 

7-8. Lnttliqii*iT7,ii«rCihoklaStr«et,8t.Laula,St.I.oui3CDiinty. Idem.p.TA. 
0-10. QiURfJODt olBiriooBtieet, St. IiOul>,Bl.l.ouli County. Idun. 



.'b quBRj, aev Haimlba], Hwloa County. Idem. 

Analyta of Muiiuippian ihalet, Miuouri. 
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1. tffwnihfi, ilulan County. Waoiiif Geol, Sunn 
Z. HumaniTlUe, Folic County. Idem, p. 406. 
I. AldTlch, Polk County. Idem, p. W. 



PENNBTLTANIAN ("OOAL HEASUBES") LIMESTONES AND SHALES. 

Almost all northern and western Missouri is covered by the Penn- 
sylT&nian series ("Coal Measures"), which overlie the Mississippian 
series last described. The Pennsylvanian series consists of thick 
shales and sandstones, with intervening thin beds of limestone and 
numerous coal seams. In the present connection it is of interest 
chiefly as a source of fuel and shales, though possibly some of its lime- 
stones may be of value as cement materials. 

The following analysis ' of a limestone, 4 to 6 feet thick, which 
overlies the Meadows coal seam in Lincoln County, shows it to be 
highly siliceous though very low in magnesia. In most places in 
Missouri, as elsewhere, the Pennsylvanian limestones are probably 
sufficiently low in magnesia to be available for use as Portland cement 
materials. They generally occur in thin beds, however, and it is 
usually necessary to excavate them by mining. Their common 



1 Lincoln County. ChauTonet, analyst. 



il. Surrey ror 18;^, pt. 2. 1BT3, p. 2S7. 
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advantage is, of course, that they are found in close proximity to 
coal beds and to ahales. 

Amilgtit of Penntglvanian limetbme, Miuoiai. 

Silica (SiO,) 21. 35 

Iron oxide (FejO,) 1, 79 

Lim«(raO) 42.16 

Magnesia (MgO) 66 

Carbon dioxide (COi) 34. U 

Ajtali/tm of Pemiaglvanian thaUt, Miuovri. 
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1. PmiiKtBill.St.LoubCoiiiitr. R. Chsuvenet. umlyst. Hlmurt Q«al.SDrve;,.viit.ll. 18l)e,p.4IS. 
2, 3. Laldede Oi^claT mine, Cbelteabam, St. LouU Coualy. Idem, p. 421. 

4. HuntsvlUe, RuulDlpb Counlj. Idam, p. 411. 
G. BUlbiga, Cbrlitiu] Count;. Idem, p. 37s. 

0. Beepwotar, Benry County. ldain,p.387. • 

T. CUatoD, Btiatj Count;. Idem, p. SB2. 

5. B00QTIU9, Cooper Countr. Idem, p. 377. 
«. lAkarun, Sl»lby County. Idem, p. 424. 

10. Lexiiigtoa.Lafayelte County. Idani, p.ais, 

11. FosCer, Bales County. Idem, p. Sas, 

LOESS AND SURFACE CLATS. 

Along the banks of Mississippi sbd Missouri rivers thick deposits 
of loess clays occur in the river bluffs. These are fine-grained ciays, 
carrying a considerable percentage of very fine sand, and will be 
valuable for use at cement plants located near these rivers. Smaller 
local deposits of surface clays also occur all over the State. The table 
below contains analyses of representative clays of both types: 
Analytet of loett and tuT/mx dat/t, Mwouri. 
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1. Loea day, St. Looli, B 
' * — flsckay, HanolbdJ, L»nru ^vuiibj, «. 
ssoiay, Kaoau City, lackaaa County, 
A clay, Boon rllhe. Cooper Cooncy. limu. 
_.!._ "--~TsonClly, Cole Counlj. Idem. 

ID Point. St. Charles County. Idem, p. S 
Hon. Randolph County. Idem. p. M7. 
irbonte, Carroll County. Idem, p. H6. 
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POBTLANl> CEKEHT ISDV9TXY IN KIBBOTJIII. 

Prior to 1902 no Portland cement plants were in operation in 
Missouri. In that year, however, the St. Louia Portland Cement 
Co. commenced shipments, and during 1903 the Hannibal plant of 
the Atlas Portland Cement Co. went into operation. In 190S the 
plant of the Kansas City Portland Cement Co. was added to the 
producing list, followed the next year by that of the ConUnental 
Portland Cement Co., and in 1912 by that of the Cape Girardeau 
Portland Cement Co. 

At present, therefore, five plants are producing Portland cement 
iti Missouri. Two of these — built by the St. Ijouis and Eansas City 
companies, respectively — are now under the same ownership, both 
being controlled by the Union Sand & Material Co . In addition to the 
plants operating, several othera are in different stages of promotion. 

In 1911 Missouri ranked seventh among the States as a producer 
of Portland cement, its output for that year having been 4,114,859 
barrels. The four plants which contributed to this total producUon 
were all dry-process plants, using limestone, with day or shale, for 
their raw mix. 

The plant of the Atlas Portland Cement Co., at Hasco, Pike 
County, a few miles south of Hannibal, uses limestone of Misaiasip- 
pian age, obtained from a quarry adjoining the mill. Selected 
specimens of the stone from thia quarry analyze as follows: 
Artalyiu of Ititiimppian Unutlonei, Ilatto, Mo. 
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During the early operation of the Atlas plant an Ordovician shale, 
quarried near Severton, Mo., was used. Later, shale of good quaUty 
wsa found to underlie the limeatone in the Ilasco quarry at some 
depth, and this shale is now mined and used. 

The plant of the St. l^ouis Portland Cement Co., located at Pros- 
pect Hill station, near the northern limits of the city of St. Louis, 
uses a Umeatone of Misaissippian age, quarried at Fort Bellefontaine. 
An interesting point in the operation is the use of the hydraulicldng 
method for stripping. Shales of Pennsylvanisn age are quarried 
near the cement plant and together with the loess clays, which overlie 
the shales at this locality, are used for mixing with the limestone. 

The plant of the Continental Portland Cement Co. at Continental, 
3 miles south of St. Louis, uses Mississippian limestone mixed with 
loess clays. The plant of the Kansas City Portland Cement Co., 
now controlled by the Union Sand & Material Co. , at Cement City, Mo , , 
10 milea east of Kansas City, uses PeimsylvaniaQ limestone and shales. 



At the Cspfl Girardeau plant Joachim limestone (Ordovician} and 
Quaternary clays furnish the raw materials. No analjrses are at 
present available. 

POBTIiAJfD CEMENT RESOURCES OF MONTANA. 

POBTLAHS CEKENT ICATEBIALB. 

By W. H. Weed. 

Limestone is confined practically to the western, mountainous part 
of the State, where it ia found in groat abundance along the flanks of 
the mountain ranges. In the Plains region, which comprises the east- 
em two-thirds of the State, only Cretaceous rocks are found, except in 
the local dome-shaped uphfts of the Little Rock, Judith, and Snowy 
mountains. The Cretaceous formations hold lenses and concretions 
of limestone, which are locally available for burning to quicklime 
where better material is too far distant for economical use. 

AU the Paleozoic formations contain limestone beds, but the great 
limestone series is that of the Carboniferous (Mississippian), whose 
massive beds Sank the great ranges of the State and form its most 
picturesque scenery. The overlying Jurassic limestone is argilla- 
ceous an<l of uncertain development; the Devonian and Silurian 
limestones are impure; and the Cambrian limestones are thin bedded 
and in general are not uniform in composition. 

The hmestones are found along the northern slope of the mountuu 
front from Red Lodge in Carbon County westward to Livingston, 
and thence northward about the flank of the Bridger and Little Belt 
and Belt ranges to the main range west of Great Falls. Practically 
all the southern ranges of the western part of the State are uplifts 
with cores of gneiss or granite mantled by limestones of different 
ages. Such rocks occur westward almost to the Bitterroot Valley. 

North of the line of the Northern Pacific Railway the Carbonif- 
erous limestones soon disappear, though the Cambrian rocks form 
the mountain summits almost to the Canadian line. The northwest- 
em part of the State, however, is composed mostly of Algonkian 
rocks, chiefly ai^illaceous, comprising the well-known Belt series, of 
which the oolitic Newland limestone is a constant feature. 

The following analj^cs of limestones from Montana are on record: 
Anal'jget 0/ limaUma, Montana. 
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6. lgaenoaliiiK8taae(DeToaJ*n). W, T. BoluUer, upItiE, U. S. Oeol. Sum;. )0Q|C 
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The first two analyses, but particularly the first, represent lime- 
stones whose composition is satisfactory from the Portland cement 
manufacturers' point of view. 

The last three analyses were furnished by F. C. Calkins, who has 
been engaged in geolt^c studies of the FhUipsburg quadrangle. 

Deposits of cement material about 5 miles south of Havre, Mont., 
have recently been described* in arather detailed report by Pepperberg. 
The materials consist of limestones of various grades and shale. The 
limestones are notable because, as a result of igneous intrusioas, they 
contain much wollastonite. Much of the lime shown by the analyses 
therefore occurs as lime silicate and not as lime carbonate. Analyses 
of these interesting cement materials follow: 

Analgiti of cement maUriaU ntoT Havre, Mont. 
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1. Ony lltiKsbMM, aualyted by R. G. Brobst, V. B. (Ii 
J«Tb, U. e. Oool. Sunray, 
i. While llDHBtoun, uulyied by R. (i. Brobat, C. S 



SuriBj. CBrbon dioxide deMnniiml by J. Ii 

•sA. Suri'ey. Carbon dknida detennlDBd b; 



mn analyi 
, .. 3. Oool. Survey. 

I. UmesMlB, analyicd by Rkiketts & Banks. 

4. Llniaitoiie,aiulyied by Fror, A. H, Pbilllpa, Ptinwlon Unlvor^ty. 

G. Ummtoas, aaalfied by W. H. Andrews, cberaist and aupertnlendeDt Union Portland Uranent Co., 
Bnabiylvutia, Ohio. 

0. Bbale, inilTKid at U. B. Geol. Survey. 

7. Limestoitf, analyied by H. J. Dettreiler, Alleatown, fa. 

8, 9, to. LImegMoe, aoalyied by Paul Relslnger, 

The following analyses of high-calcium limestones have been pub- 
lished recently:* 



1 Fepperber^, L. J., Cement mal 
pp. 317-330. 

■ BOTcfaani, E. P., The production ol lime In ISll: Mlner>l 
BoTTey. 1012, pp. 646-718. 



Havre, Mont.; Boll. U. B. Oool. Surroy No. 380, IMS, 
U. 8. lor UU, pt 3, O. 6. Q«L 
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FORIJaASH OEKBNT niSTTSTRY IN KOHTANA. 

By E. F. BcKCHARD. 

One Portland cement plant, that of the Three Forks Portland 

Cement Co., has recently been established in Montana, at Trident. 

Limestone, cement rock, and shale are used at this plant, and the 

clinker is bnmed with coal. The erection of at least one other plant 

in Montana is contemplated. 

FORTIiAND CEMENT RE801TRCE8 OF KEBRASKA.' 

FOBTI.AHD CEKBNT KATBKIAI.8. 
The possible sources of cement materials in Nebraska are confined 
to formations of Carboniferous and Cretaceous age. Named in order 
from above downward these include the following: 

Pierre ihale Dark-gray clay or soft ebale. 

NiobrHiA formation Chalky limestooe and clay or shale. 

Benton group Dark-gray or black shale or clay and 

limestone. 

Dakota sandstone Brown sandstone. 

Permian limeelone Buff limestones and shales. 

i Massive light-colored limestone. 
Limestones, ehalee, sandstones, and thin 
coal beds. 

CARBONIFEBOU8 FORMATIONS. 

llie Carboniferous limestones, shales, and sandstones underlie all of 
Nebraska, rising to the north and northwest about the Black Hills and 
on the slopes of the Rocky Mountains. The outcrops in eastfim 
Nebraska are in Douglas, Sarpy, Cass, Lancaster, Otoe, Gage, John- 
son, Pawnee, Nemaha, and Richardson counties. The rocks are hard 
and would give rise to more prominent features if it were not for the 
heavy covering of glacial drift and loess. As it is, the exposures 
constitute cliffs along Platte River from Ashland to Plattsmouth 
and thence at intervals along Missouri River to the southeaat comer 
of the State and occur in scattered outcrops along the valleys of 
Big Blue, Nemaha, and Little Nemaha rivers and Weeping Waten 
Turkey, and Southeast Salt creeks and their branches. 

The Carboniferous rocks in this region comprise formations of Per- 
mian and Pennsylvanian age. The Permian outcrops are probably 
restricted to the valley of Big Blue River from Beatrice southward. 
The rocks are mainly magnesian limestones of light color, with intei^ 
bedded shales. They are extensively exposed south of Beatrice, at 
Rockford, Bluesprings, Wymore, and Holmesville. The Pennsyl- 
vanian rocks consist of limestones, shales, and sandstones, which 
contain thin coal beds in some localities. Prof. Prosser baa made a 

iBeeDsrtfKi, N. H., PreUmlnsir nport on tbe Eealt«T uid water rosoureea of Nebnilm irest of tbe one 
hoDdrMl and tblrd nwrldlui: Praf. Paper U. B. Oeol. Burr«; No. 17, pp. 14-20. and PI. IX. Ths data 
ooQcenUof Nabraaka canianc mateilaJ haTs been obtiAoed rrom Darton's report, whloh )a in part dUil 
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preliminary examination of the Carboniferous formations of Nebraska, 
and identiJGee as Wabaunsee the exposures about Peru, Aspinwall 
Nebraska City, Auburn, Tecumseh, Dunbar, Nehawka, Weeping 
Water, and along Platte River near LouisTille. He identified as 
Cottonwood tunestone a massive bed full of Fusulina west of Auburn, 
about Glenrock and Johnson, and on the higher lands of western 
Richardson and Pawnee counties.' In deep borings in the southeast 
comer of tlie State the Carboniferous formations have shown a total 
thickness of about 1,200 feet, of which about 200 feet are Permian. 

NIOBBARA FORMATION AND BENTON OROUP. 

Underlying the Pierre shale is a series of shales and chaJky lime- 
stones knowTi as the Benton group and the Niobrara formation. 
They have a thickness of about 450 feet to the east but thicken to 
the west and south. At the base of the Benton group there are about 
200 feet of dark shales (Graneros shale), overlain by slabby lime- 
stones containing Inoceramus (Greenhorn limestone) followed by a 
series of shales with few thin sandy layers (Carlile shale). Overlying 
the Benton group is the Niobrara formation with its chalky deposits, 
characterized by thin hard beds filled with Oatrea congesia. The 
Formations cross the eastern part of the State and underlie all the 
srea west of the ninety-seventh meridian but are so deeply buried 
under drift and loess that they outcrop in few places. The most 
extensive exposures are along Missouri River, extendiag from near 
the ninety-seventh to the ninety-ninth meridian, and along the 
Republican Valley from Alma to near Superior. The formations are 
exposed at intervals across tb? eastern portion of the State in each 
o[ the latter valleys and some of the branches. The more notable 
of these small outcrops are at Genoa, north of Germantown, near 
Crete, at Pleasanthill, and in Beaver Creek north of Dorchester. 
There is an exposure of dark Graneros shale imder some ledges of 
Greenhorn limestone in Big Blue River at Milford. Benton and 
Niobrara also occur in a prominent anticUne along White River in 
the vicinity of Beaver and Alkali creeks, in the northwestern part 
ct the State. 

Darton has recently pubUshed ' some valuable data on the char- 
acter and composition of the limestones of the Niobrara formation 
of Nebraska, witl^ special reference to their possible utilization as 
Portland cement materials. The following quotations cover such of 
his remarks as are of principal interest in this connection: 

Aldioi^^ the Niobiara formation consiats largely of limeetone, eome of the beds 
omuia much clay. This material occurs mostly as an admixture in the impure 
"chalk rock," but some beds contain bo much that they are calcareous shales. Ordi- 

>]«lr. 0«dogj, Toi. S, ISS7, pp. 1-ie. 

< DwlOD, N. H., Cimeot imterlals In Rcpubllcui Valley, N«te«kB; Bull. U. 8. OfA. Bum; No. 4M, 
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nuily the Niobnn etnt& u« intwbsdded deponta of soft limeBtone or chalk and 
calcareous clay from 5 to 3D feet thick. Flint occun in the upper beds. Two memben 
of the formation have been recognized. The lower one, averaging 60 feet in thicknen 
and coneietiiig mainly of soft llmeatone or compact chalk of ligfat-giay colw, repieaenis 
the Port Bays limestone of Kaneaa. llie upper member conBista of about 300 feet of 
altemationa of "chalk rock" or chalky limestone and limyehalea, all ot light-gray 
color. The chalk rock depeeite vary greatly in thickneee, in some places attuning 20 
feet, "niie member repreeentfl the Smoky Hill chalk or "Pteranodonbeda" of Kanssi). 
A characteristic feature of the Niobrara rocks is their t«ndeiicy to weather to a ligfat 
yellow color, though in tbeir unweathered condition they are lead gray or bluish gny. 
The limestone beds in the Niobrara formation vary greatly in compoeition, owing 
largely to admixturo of clay. The upper beds are dierty. Some repreeentatii-e 
eamplee were collected and analysed in the laboratory ol the United States Qecdogiol 
Survey wiUi the loUowiiig reeultB, repwted by S. S. VooiiieeB. 

The aDaiyses presented in the following table are those referred to 
by Darton in the preceding quotation. They have been rearranged, 
however, to bring them into conformity witii other analyses in this 
volume. 

Analytet oflimabmet of Xiobrara/onnolum, Nebraita. 



BtUcs(BIOt) 

Ahimina (AUO,) 

Inmoxlda(F«iOi} 

IJme(CkO) 

llwiHala(H^) 

aaiSuTtS) 

SDlpharirfaildsCSOi). 
Cu-EoDdiaxldXCOi).. 
Organic muur. «tc. - - ■ 



2. Two mllM soutbsut of Red Cload. 

3. South ot Oulde Rock. 
i. South of Baperior. 

PIERRE SHALE. 

All of Nebraska west of the ninety-eighth meridian is underlain by 
the Pierre shale. Its surface outcrops are in the lower portion of the 
Niobrara Valley, the Repubhcan Valley, and the extreme northwest 
comer of the State, but it is probable that careful search will reveal 
outcrops in the valley of the Platte River in the vicinity of the ninety- 
sixth meridian. The formation is a thick mass of dark-gray or bluish 
clay or soft shale at least 2,000 feet thick in the westr-central portioa 
of the State. 

Prof. G, E. Condra has called attention to the availability of the 
Niobrara limestone and the Pierre shale along Missouri River from 
Dixon County to northern Boyd County,' After describing the Port- 
land cement plant at Yankton, S. Dak., Prof. Condra adds: 

llie formations worked at Yankton are exposed in Nebraska along Missouri River 
from Dixon County to northern Boyd County and aSord a vast supply ol the raw ni»te- 
rials. The principal factors to be considered in the establishment of a plant, besides 
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the presence of suiuble cement materialB, are the condition in which they aie found 
80 as to avoid waste in quany strippings, the water supply, fuel, and a suitable loca- 
tion, especially in relation to transportation facilities. All of these conditions except 
cheap fuel exist at many places on the Nebraska side of the river. At Niobrara the 
chalk rock is of good quality and in la^e supply, and this place is favorably situated 
(or railroads and river tnuuportation; arleoian water and a suitable location for a plant 
can also be had. 

E. F. Burchsrd ' has discuseed the possibilities of manufacturing 
cement in Dakota County from a mixture of Greenhorn limestone 
and shale of the Benton group, both of which occur in immense 
quantities in the blufiFs of Missouri Hirer north of Jackson, Nebr. 

FORTZiAin> CEMENT RESOURCES OF NEVADA. 

Xevada contains numerous areas of low-magnesia limestone, 
mostly of Carboniferous age, and abo some of later date. The prin- 
cipal outcrops of the Carboniferous limestones are in the eastern 
third of the State. Much of this material would be suitable for use 
in makii^ Portland cement, but at present, with a scanty population, 
expensive fuel, and practically no local demand for cement, it is 
evident that such an industty could hardly be even moderately 
successful. 

The following analyses indicate the character of the limestones of 
Nevada, Many of these, though low in magnesia, are very siliceous. 

Anaigtei <tf limaUmet from Nevada. 



Saia(BlOi) 

WumliiXAIiO.).. 
ImoiMe(FS(Oi) 

UiM(C«0) , 

KignaiatHgO).. 
Alktlli(l£,0,NM 
Cubon dkiiide (C 
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In a brief report ' on the building stones of Nevada, Reid mentions 
the occurrence of marbles at many points, notably in the Humboldt 
Mountains, in Lamoille Valley, and near Luning, Esmeralda County. 
No data as to chemical composition are given. 

I Bnnbud, E. P., Proc. Stoux City Acad. Scl. and Lcttos, vol. t, lOM, p. I«l. 
' Raid. I. A., PrdimlDSTT laport on the bulldlnc itonei ot Nanda: BnU. D^t. Ocolog; ind Hlnlns 
.Nevada UniTcnity No. 1, 19M. 



izecy Google 



260 POBTLAND CBHENT HATEBIALS OF UNITED STATES. 

POBTIiANB CEMENT RESOURCES OF NEW HAMPSHIRE. 

In commot) with most of New England, New Hampshire offers 
little opportunity for successful Portland cement manufactiu«. 
Limestoaefl of satisfactory composition could probably be found in 
several parts of the State, but the difficulties with regard to fuel and 
markets seem to be too great to permit the development of the 
industry. 

PORTIiAND CEMENT RESOURCES OF NEW JERSEY.' 
POBTLAND CBHBirt MATBRIALB. 

Limestones suitable for Portland cement manufacture occur in \ew 
Jeney in several different geologic formations. (See PI. XVlI,p. 310.) 
The deposits of argillaceous Ordoviciiui limestone of Lowville to 
Trenton age (Jacksonburg limestone) are, however, the principal 
source of cement material, and in view of the great extent of these 
deposits, it seems probable that they will always furnish the bulk 
of the New Jersey raw materials. For this reason the distribution 
and character of these ai^illaceous limestones ("Trenton cement 
rock") of Warren and Sussex counties are most fully discussed. 

UHGSTONES OF WARBEK AND SUSSEX COUKTIBB. 



The part of the geologic column in New Jersey that supplies the 
cement materials contains four formations. These are, from the top 
downward : 

1. Uartiniburg ahale (Ordoviciui). 

2. JaclcBOnbutg limeetone (Ordovician). 

3. KittAtimiy limestone (Ordoviciui and Cunbrian). 

4. Htwdjrston quarUite (Cambrian). 

The Jacksonburg limestone and Kittatinny limestone belong to 
the Shenandoah group. The Jacksonburg Limestone furnishes all 
the "cement rock," and the Kittatinny limestone, though in general 
highly magnesian, supplies the pure limestone for mixing therewith. 
The Martinsbuig sh^e, though not at present used in the cement 
industry, can well be utilized for mixing with a "cement rock" that 
is too high in lime. As these three formations, therefore, are worthy 
of comideration in connection with the cement industry, they will 
be described separately in some detail. The Hardyston quartzite, 
though not directly connected with the cement industry, is an easily 
recognized formation whose outcrops m general limit i^e Kittatinny 
limestone belt on the south. 

■ A vrrj detailed dotrlpUon ol tb> UmrahUM of New Itnej kvkllable lori» in Pgrtlmd raneut muin- 
iMtuit, wKh maps nhowlng tlielr dlatributlon and outcrops, is givto by B. B. KOmjnel, In Ann. Repk 
BtaUgcok«istNewJcneylxl90C), 1901, pp. 1-101. Tbls valuable rn>oct bu been frnly used In the pnp*- 
ration ol ttu prMOit sketdi, md many of the detaJb regarding Iht fcnnattow are tWad In KOmmel'i 
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KAKDTBTOM aiTAXTZITX. 

At the base of the great limeatone fonnatioQ of the Kittatinny 
Valley a thin bed of sandatone or quartzite is found in many places. 
It rests upon the cryat&lli&e rocks (gneisses, schists, etc.) which 
form the highlands and is the earliest of the Paleozoic formations 
in this r^on. It diifdrs considerably in composition and in thick- 
ness. In many places it is apparently only a coarse and more or 
less friable sandstone, the grains of which are cemented together by 
lime carbonate. When fre^ its color is steel-blue, but the weath- 
ered portiona are everywhere a rusty brown from iron oxide staining. 
Most, though not all, of it contains considerable feldspar. In other 
localities it is a true quartzite, made up of sand grains with siliceous 
cement. Still elsewhere it is a conglomerate, conmionly of pebbles 
less than an inch in diameter, but in places containing well-rounded 
fragments 2 to 4 inches in size. The pebbles are chiefly of quartz, 
feldspar, granite, gneiss, and slate, with bits of mica. Locally the 
conglomerate, where it approaches the gneiss, can be distinguished 
only with great difficulty by tiie naked eye. It is simply a decom- 
posed gneiss or granite, slightly reassorted and cemented to form a 
conglomerate. 

The thickness of the quartzite variea from a few feet to 200 feet 
or more. Where the rock is thick it is a conglomerate or a coarse 
pebbly quartzite. Where thinner it is generally a calcareous sand- 
stone, grading upward into a limestone, and perhaps having near its 
base one or more thin layers of siliceous sandstone or even quartzite. 
The crystalline foundation on which the quartzite rests was some- 
1^'hat irregular, so that the formation differed greatly in thioknees 
and lithologicol character. At the time of its d^osition the land lay 
not far southeast of the present outcrop. 

MAaaxuur xmxTawr uiiHTOin. 

The Hardyston quartzite grades upward into a highly magnesion 
limestone formation of great thickness, known as the Kittatinny 
limestone, but commonly called the "blue" limestone to distinguish 
it from the white, coarsely crystalline limestone near Franklin Fur- 
nace and other localities in Russex and northern Warren. Its color, 
however, is not always blue. It is in many places gray, in some 
places almost white, also drab, or even black. It is fine and even 
grained. Many of the beds are minutely crystalline, so that the 
freshly broken surface has a close resemblance to flne^ained lump 
sugar. But it is nowhere coarsely crystalline or marble-like. 

The Kittatinny occurs in beds which dilTer greatly in thickness and 
regularity. Some beds are made up of thin leaf-like layers of lime- 
atone alternating with thin sheets of greenish shale. Other beds con- 
sist of layers of limestone an inch or more in thickness and are sepa^ 
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rated by thinner partings of ahale or sandstone. Locally the lime- 
stone layers are apparently diacontinuous, and the shale or sandy 
layers not only separate but inclose the more limy masses. In great 
part, however, this formation is composed of regular beds 1 to 3 
feet or even more in thickness. Locally they are so massive and 
the formation is so regularly jointed that it is extremely difficult 
to determine the true position of the beds. Some layers, also, are 
oolitic, that is, are made up of minute rounded partidee resembling 
fiah roe. The oolitic lay«3 are apparently confined to the lower poi^ 
tion of the formation. 

A marked feature of (he Kittatinny is the chert, or black Hint, 
which occurs either as seams, in places 8 or 10 inches thick, or as 
separate masses. The chert layers are in most places, but not in all, 
parallel to the bedding planes. Owing to the lai^e percentage of 
magnesia nearly everywhere present in this limestone it is of no 
value in the manufacture of Portland cement. In some localities, 
however, it has been extensively burned for lime. 

Its thickness is apparently between 2,600 and 3,000 feet, but accu- 
rate measurements can not be obtained. More than 99 per cent of 
the limestone of Sussex, Warren, and Hunterdon counties belongs to 
this formation. 

The following table gives analyses > of the magnesian Kittatinny 
limestone from New Jersey: 

Analyttt o/magrutian KilbOinnif linutlone, New Jtrug. 



l£uneala(ligO)..... 

^rbonlD acid (CO,). 

Alumina aDd mm <u 

F*rf)0 



30.0 3ft.S Tt. 



i.t 2.3 4.0 a. 



30.3 Jl.a X.& 



_. _ __ ._ .._ . ... _. MiMMTownslilp, Buaw] 

B. Hear Wllliun Dcirltl'*, WuiUoa 'niwiuhip, Sibmx County. 
e, 7. On wopoty of Bdward l«wb, Wotage Tomnhlp. Suraei Qnmlv. 
8, 8. RaUroBd eut (me-fuorUi mile norUiweat or Huubuif itttka, on xhr 
WesCfm RsUroad. 
10,11.12. Uofflv & Cutler's quury, Newton, SiOMK Coimty. 
13. Nntr Sparta. Suswi County. 

1 Cook, a. U„ Ann. R*pL auie Geologist New Jersey for ISOO, li 
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Analyu* ofmaftunan Kxttatinng lim/tlmu, N«vi Jerug — Continued. 
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JAOKfOVaTIBO LtKUTOMX. 

Above the magnesian Kittatinny limeatone and resting on it is a 
dark-blue or block fossiliferous limestone. In the early reports of the 
New Jersey Geological Surrey it is called the " f oasilif erous " lime- 
stone, in dbtinction from the magneaian or Kittatinny limestone, in 
which fossils had not been found at that time. It contains Lowville, 
Black River, and Trenton fossils. 

A continuous section of this formation is novhere exposed, but the 
gaueral succession of the beds is about as follows : 

Section of bEod foatili/erout JactianbvTg limeitone n/ Nrvi Jeney. 

Blark cftlcaieouB ahftlea or earthy linieetone gnduaJly becoming less calcareous 
and more ailiceoua or clayey and grading into the overlying Blal«, Appar- 

entiy of different thickneoaea 40 

A rough, irregularly bedded, dark-blue limestone, breaking into knotty slabs. . 43 

^bably calcareous shale, generally not exposed 32 

Blue-black earthy limestone, rather evenly bedded, weathering to a light 
blue gray 
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In Sussex County ih.e total tliickness is uniformly about 135 to 150 
feet, except where faults have probably repeated some layers. The 
formation, however, thickens to the soutliwcst, reacliing probably 
at least 300 feet at tlic Delaware, and possibly even more than tliis 
in the Lehigh Valley r^on, Pennsylvania. The increase in tliickness 
is apparently in the upper calcareous ehaly beds. 

The Jacksonburg rests upon the eroded siuface of the KittatinnY 
limestone, so that Uiere ia here a break in the geologic record. At 
many places the lowest Jacksonburg beds form a conglomerate 
composed solely of pebbles and bowlders of the underlying magnesian 
limestone and chert. Elsewhere pebblea of magnesian limestone 
and cliert are included in a matrix of pure limestone, in places 
fosailiferous. 

Many analyses have been made of specimens both of the limestone 
and of the calcareous shales of the Jacksonbui^ limestone. Tlie 
more massive beds contain from 85 to 95 per cent of carbonate of 
lime and only small amounts of magnesia. Some of the more slialy 
layers contain 65 to 75 per cent of carbonate of lime, with sufficient 
alumina and silica to make a good cement rock. It is tlm rock 
which is used ■nitlt such success in manufacturing Portland cement 
near Philippsburg, Warren County, N. J., and in Berks, Lehigh, and 
Northampton counties, Pa. The purer limestone beds can be 
mixed with the "cement rock" to raise the percentage of lime to 
the necessary figure. The following analyses ' may be quoted: 

• Anatyie* oj JocJttonburp iimatom. New Jertey. 
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Analyttt of Jaeltionbvrg liTtutUmt, New Jertey — Continued. 
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u-3e. New IIUDtsburg (Hunt's milts). 1 4S. Now BelTid««. 

The Jacksonbui^ limestone can be readily iliatinguished from the 
Kittatinny by these diiTerences: (1) The Jacksonburg is commonly 
fossiliferous, some surfaces being covered entirely with imprints of 
shells. Beds otherwise unfossiliferoua generally contain crinoid 
stems, which are best seen on weathered surfaces as small disks, com- 
monly with a hole in the center. The fossils of the Kittatinny lime- 
stone, on the other hand, are ao few and so obscure that only an expert 
can detect them, so for practical purposes the formation can be con- 
sidered unfossiliferous. (2) The dark-blue or black color of the 
Jacksonburg weathers to a light gray-blue entirely unlike most of 
the £ittatinny beds. So too the rough, knotty character of the 
bedding and of the weathered slabs is characteristic of the Jackson- 
burg limestone. (3) A drop of hydrochloric acid will cause the Jack- 
sonburg limestone to efforresce vigorously, whereas the cold acid 
dropped on the Kittatinny limestone acts weakly or not at all. (4) 
The Jacksonburg commonly lies on top of the Kittatinny limestone 
and beneath the slate, which is the next higher formation, so that its 
Outcrop forms a narrow strip between the wider belts of these rocks. 
In places, however, it is cut out by faulting that has brought the slate 
against the Kittatinny limestone, and in other places it is faulted into 
the midst of the Kittatinny limestone areas. (5) The Kittatinny 
limestone contains numerous masses of black Aint or chert, such as 
are nowhere found in the Jack-sonburg limestone in New Jersey, 
Pxocpf as waterwom pebbles in the basal conglomerato 
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The shaly limestones of the Jacksonburg, formerly known as the 
"Hudson shales," become more clayey and less limy upward and 
gradually pass into a series of shales, slates, and sandstones. The 
shales are commonly black or dark gray, although in a few places 
green and red. Much of this rock has a marked tondency to split into 
thin sheets. This cleaTSge is not along the bedding planes or layers 
in which the slate was deposited but cuts across them at various 
angles. This tendency to split smoothly and regularly into thin 
layers causes some zones to yield excellent roofing slates, and in some 
localities, as at Newton, N. J., and Slatington, Fa., they are laigely 
quarried for this purpose. 

There is considerable difference in the chemical constitution of 
various members of this formation, owing to the variations from shale 
and slate to sandstone. 

Analj/Kt of Martiruburg >haU, J/eic Jeney. 



SUlcKSlOd 

AliiiDliui(AtiOij.... 

Iron oxide (FeiOi)... 



LJmelCiiOi 

MtgueoIftfheO) 

AlkaliMlkObMBiO}.. 



Inlphur iB}... 
^aiboD dloiidi 



^ 10.1 



I. DtlvramWaUr Oip. Ann. R«pt. St&U a«o)oglnNB« Jsnay, lges,p. 130. 
1. Ou mill DorUiwnt o[ CkikvlUa. litem. 
a. Nmt AnntodBle. Id«n. IWl.p. £2. 
i. Near LahyMU. Idem, □■ Tt. 

5. NnrMn alttte gdany. Idem, p. 77. 

6. NeuDrateBFood. Idani, p.78. 

OBOLOOIO aTBOOTTTBE. 

The general relations of the Hardyston quartzite, the Kittatinny 
limestone, the Jocksonbuig limestone, and the Martinsburg shale are 
generally veiy simple and easily imderstood. They have been bent 
into great folds, which originally formed a succession of arches and 
troughs. During the enormously long period which has elapsed since 
the folding occurred, hundreds, perhaps thousands, of feet of strata 
have been worn off from the arches, so that beds which were once 
deep below the surface are now exposed to view. Ilie axes of these 
folds extend in a northeast-southwest direction, so that the forma- 
tions lie in long and comparatively narrow belts that extend in the 
same direction. The oldest rock is exposed along the central line of 
an upfold of the strata or anticline, and the younger and higher beds 
are found toward the flanks. The Kittatinny limestone, being older 
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than the Jacksonbui^ and Martinsbui^, occurs along the central line 
of the anticlmoa. 

The reverse relations are true where the strata are downfolded, that 
is, at the synclinea. Here the younger beda are found along the 
medial line, toward which the strata dip, and the older beds are found 
on the flanks. 

The simple structure of anticlinal and synclinal folds is lo mimy 
places complicated by faults or fractures, along which the strata have 
moved past one another. The fault planes may be inclined at various 
angles, and the motion may have been in any direction along them. 
As a result of faulting a given bed may not appear at the surface, or 
it may be repeated and form a double line of outcrops. Consequently 
the Jacksonburg limestone does not occur everywhere between the 
outcrops of slate and Kittatinny limestone where it is expected, and 
in some places it does occur in the midst of the older limestone forma- 
tion where it is not expected. For long intervals it may be buried 
beneath thick accumulations of glacial drift, but in such localities it 
can always be found by digging. 

SILUIttAN LIHESTONEB OV UPPER DELAWABE TAIXBT. 

SUurian limestones and calcareous shalte of different kinds are 
found along Wallpack Kidge, from Tristat^s to Wallpack Bend, on 
Delaware River. Except near TrietatM all this area is so far removed 
from any railroad that the cement rock and limestone within it must ^ 
remain undeveloped for many years. For this reason these lime- 
stones were not studied with the same care as those of the Kittatinny 
Valley. 

Analyses of specimens from many horizons, published by Dr. Cook 
in 1868, indicate that many of the beds have a high percentage of car- 
bonate of lime and are practically free from magnesia.' Finely 
ground and mixed with clay in the right proportion they would make 
good Portland cement or could be used to raise the percentage of lime 
in a deficient cement rock. 

A specimen of the BossardviUe limestone of White and Weller 
(Oook's liBbon limestone), from Richard Stoll's farm near Wallpack 
Center, had the following composition: 

Analytit o/limetlont tuar Wallpad: Center, N. J. 

8ilioft{SiOa) 12.80 

Alumina nod iron oxide (AljOg and FejOj) 2.10 

Liiiie(CaO) 44.86 

Magiwett (MgO) 2.18 

Carbon dioxide (CO,) 37.68 



1 Wellei, Stuait, Ann. Kepi. State GeoloilBt Nnr Jtotj inr IBM), IMn, fp. 1-IB. 
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Outcrops of this limestone are numerous from FlatbrookTiUe to 
Peters Valley, along the eastern foot of the riilge. At the Nearpass 
quarry, DearTristates, it is exposed just above the base of the section, 
with a thickness of 12 feet 4 inches. 

Specimens from other limestone fomuitiona exposed in the Near^ 
pass quarry were analyzed by Cook, with the following results: 
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The Nearpass quarry is not so far removed from the railroad nt 
Port Jervis but that some of these beds may be profitably utilized. 
Analyses 2 and 4 above show that the "old-quarry stone" and the 
"quarry stone" are high-grade limestones. Analysis of the shaly 
layers in tlie quarry may show one with the right proportions of 
alumina and silica. In Weller's report for 1899 some of the important 
exposures of these formations are noted. 

Cook also gives the following analyses of specimens whose exact 
geologic horizon can not be determined from the record: 
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2. LlmciUne [rom farm ol Jintiuii Cohi, UDDtague. 

3. Llineilone Irom [arm of Call-in Decker, Wafipank HIdge. 

WHTTE CRYSTALLINE LIMESTONES OV THE HIGHLANDS. 

A series of white crystalline limestones, considered to be of pre- 
Cambrian age, occurs in the Highlands of New Jersey and requires 
brief discussion here because of its possible relation to the cement 
industry. 

These white limestones outcrop in a continuous narrow belt, 
exf<inding frnm the New York-New Jersey line near Glenwood 
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southwestward nearly to Sparta, N. J. In addition it outcrops in 
a number of smaller and disconnected areas in New Jeraey, the more 
extensive being near Andorer, east of Oxford Church, and along the 
northeastern side of Jenny Jump Mountain. 

The rock is normally a generally white, very coarsely crystalline 
limestone, which varies in composition from a very pure calcite lime- 
stone, practically free from magnesia, to a highly magnesian stone, 
close to typical dolomite. Unfortunately there is at present no clue 
to the occurrence of these variations from place to place or from bed 
to bed. The use of the stone is therefore highly speculative, and it 
is doubtful if it can become of serious value to the cement industry. 

The great irregularity in the distribution of magnesia throughout 
this formation can be best exemplified by reproducing, with analyses, 
a record of an actual drill hole,' put down near Hamburg, N. J., by 
the Alpha Fortland Cement Co. Better results were obtained from 
other drill holes in the same vicinity, but the record here reproduced 
is (he most interesting. 
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WHITE MAEL DEPOSITS. 

In addition to the limestones described, Sussex and Warren cotmties 
contain shell-marl deposits, many of which are extensive and some of 
which may be sufficiently pure to be used for Portland cement in 
combination with clay. No recent study of these deposits has been 
niade, but the data* following may be of value. 
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Anaigtet ofnuirU tn Sutta and Warren eounUa, A'. J. 
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POBTLAKS CEXENT INI>UBTKT IN NEW JBBBET. 

For a number of years New Jersey ranked second among the 
States aa a producer of Portland cement, being surpassed only by 
Pennsylvania. Recently, however, the development of the industry 
has been more rapid in certain Western States than in New Jersey, 
and the latter ranked sixth in 1911. The production of the State in 
that year was 4,411,890 barrels, this total being made up by three 
large plants. 

Of the companies now operating in New Jersey, the Alpha Fort- 
land Cement Co., with mills at AlphA, is the oldest, having commenced 
operation in 1891. The Vulcanite Portland Cement Co. erected a 
mill at Vulcanite in 1894. The plant of the Edison Portland Cement 
Co., at New Village, was put into operation in IS93. All the New 
Jersey plants are Located in Warren County and all use the "Trenton 
cement rock" (Jacksonhui^ limestone) as their principal rawmateriat. 
la raw materials and general practice these plants agree with the 
others of the Lehigh district, described on pages 314-317. 
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PORTLAND CEMENT RESOtTRCES OP NEW MEXICO. 

Almost all detailed geologic work within the limits of New Mexico 
baa been done with reference to metallic deposits and to coal areas. 
The result is that practically nothing is definitely known concerning 
the composition of the limestones of the State, not a single satisfac- 
tory analysis of a limestone from New Mexico being recorded any- 
where in the literature. 

LimostoDes are known to occur in the Ordovician, the Silurian, the 
Mississippian ("Lower Carboniferous"), the Pennsylvanian ("Upper 
Carboniferous"), and the Cretaceous. It may reasonably be assumed 
that the Pennsylvanian limestones will prove of most service as 
sources of Portland cement material, so far as extent, thickness, and 
probable composition are concerned, and it may also be accepted, on 
the basis of experience many years ago with a little natural-cement 
plant at Springer, that the Cretaceous beds also will yield possible 
cement materials. 

In the vicinity of Carthage,' Socorro County, an area of limestone 
and shale ia so situated with r^ard to fuel and market as to warrant 
practical testa of the raw materials and a thorough study of the 
conditions. The San Andreas limestone of the Manzano group of 
the Pennsylvanian series, having a thickness of about 200 feet, out- 
crops in the southwest quarter of T. 5 S., R. 2 E. of the New Mexico 
principal meridian.' In the immediate locality thick beds of clay 
shale of Benton and Montana age {Upper Cretaceous) are exposed. 
Both the limestone and the shale show every physical appearance of 
being suitable for combination in the making of cement. This area 
is within one-half mile of the New Mexico Midland Railway, which 
draws high-grade coal from Carthf^e, less than 2 miles distant, and 
which connects at San Antonio, N. Mex., with the Atchison, Topeka 
& Santa Fe Railway. 

PORTLAND CEMIMT RE80TTRCE8 OF NEW YORK. 

POSTLAND OBMBNT HATBRIALB. 

DISTEIBUTION. 

Of the many different limestone formations which outcrop in New 
York State, six are sufficiently satisfactory in thickness, areal extent, 
chemical composition, and market advantages to be worth con- 
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sidering as possible sources of Portland cement material. Many 
other limestones occur in the State, but these others may be disre- 
garded hero as being either too thin, of improper chemical composition, 
or too badly located with r^ard to transportation routes, markets, 
or sources of fuel supply. 

The six available limestones, named in their geologic order from 
above downward, are as follows: 

1. M&r)« QuEleniai>-. 

2. Tully limeslone Devonian. 

3. Helderberg group and Onondaga limestone Devonian. 

4. Clinton formation Silurian. 

6. Mobawkian limegtonea (Trenton, Black Biver, and 

Lowville) Ordovician. 

6. Chazy limeatone Ordovician. 

All these limestones except the Chazy and those of Clinton age 
are at present utilized in Portland cem«it manufacture in New York 
State. 

The actual distribution in New York State of the Tully, Helder- 
beig, Onondaga, Mohawkian, and Chazy limestones is shown on the 
map (PI. XII). The Quaternary marls are widely distributed 
throughout the State, but generally occur in small deposits, and the 
workable limestones of Clinton age exist only in one small but impor- 
tant area in western New York; for this reason neither the marl 
depceite nor the limestones of Clinton age are shown on the map. 

CHAZT LDfESTONE. 

The Chazy limestone is confined practically to the Lake Champlain 
valley. It outcrops on the west shore of Lake Champlain a few 
miles south of Crown Point village and is also well shown in Crown 
Point itself. It appears again on the lake shore about 5 miles south 
of Westport, near Essex villi^e, and on Willsboro Point. Its most 
characteristic and extensive outcrops, however, are in the eastern 
part of Clinton County. It is shown well on Valcour Island and on 
Isle la Motte, where it has been extensively quarried. On the main- 
land it occupies lai^e areas north of Valcour and west of Plattsbmg, 
where it is quarried. The largest single area is in the northeastern 
part of Clinton County, where it has been worked extensively for lime 
and building stone. This area ext^ids almost without a break from 
the village of West Chazy to the lake shore and oorthward to the 
Canadian line near Rouse Point. 

Local details concerning the distribution, thickness, and character 
of the Chazy limestone have been described by Cushing,' who also 
gives geologic maps of the county. 

1 Ctuhlus, H. F., Hei>ort aa tlM ftoloc; of CUoUo Couolr: ThMMntb Ann. Bq>L Mew YoA SliO 
Onlegiat, um, pp. iii-ea. 
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TheChozy is generally a very pure liineetone, low in both magnesia 
and clayey matter. It is commonly bluish to grayish in color and 
has a ^htly crystalline appearance. la places it carries notable 
percentages of silica, alumina, and other impurities, but these argilla^ 
ceoua phases are rare. Of the analyses in the following table 1 and 2 
represent the purest type of the Chazy limestone, and 3, 5, and 6 
rontain more or less clayey matter. Analysis 4 is included as repre- 
senting a highly ai^illaceoua type, occurring in the same area as 3, 5, 
and 6; but this particular analysis is old and of doubtful value. 
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The relatively high cost of fuel in Champlain Valley and the dis- 
tance from good local cement markets will probably prevent any 
great development of a cement industry based on the Chazy lime- 
stone, though the limestone itself is well adapted to cement manu- 
facture, and good clays and shales are readily obtainable in the 
same district. 

MOHAWKIAN LIMESTONES. 

The Mohawkiap limestones, which include the Trenton limestone, 
the Black River limestone, and the Lowville limestone, are widely 
distributed through New York State. They appear in the valleys 
of Lake Champtain, Hudson River, Mohawk River, and Black River, 
being the most important quarry stones of most of the districts in 
which they occur. Their developments in northern New York and in 
southeastern New York, however, differ so greatly in character that 
it seems advisable to discuss them imder separate headings. 

VOBTHZaV MXW TOBK. 

In northern New York the Mohawkian limestone is exposed as a 
more or less continuous belt circling the Adirondacks on the eastern, 
southeastern, and southwestern sides. (See Pi. XII.) The princi- 
pal outcrops appear along the valleys of Lake Giamplain and its 
related drainage, of Hudson River, of Mohawk River, and of Black 
River. 

In the Lake Champlain region the limestone covers a considerable 
area and is exposed at nmnerous points along the shores of Lake 
48834"— Bull. 622—13 18 
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Chomplain itself. It is quuTted more or leaa extensively on Isle la 
Motte, at PlattsbuTg, and on Larabees Point and Crown Point. 

In the Hudson Valley a belt, which is quarried near Qlens Falls, 
enters the State from Vermont, in northern Wasliington County, and 
passes southward through WhitehaU, close to the line of the Dela- 
ware & Hudson Railroad. (See Fl. XIII.) A short break occurs at 
Fort Ann, beyond which the limestone belt passes south to Sandy 
Hill, then west to Glens Falls, where it again turns south to Sara- 
toga. In all this distance it lies close to railroads and in places b 
also near the canal. It is extensively quarried for Portland cement 
at Glens Falls and for lime and building stone at Sandy Hill, Giens 
Falls, and other points. 

In the lower Mohawk Valley the areas covered by Mohawkian 
limestones are too irr^:ular to be readily described.' The lime- 
stones outcrop extensively in the vicinity of Cranosville, Amster- 
dam, Tribes Hill, Yosts, Sprakers, Palatine Bridge, St. Johnsville, 
Dolgcville, and Little Falls and are quarried at many of those places 
for lime or building stone. It sliould be noted, however, that 
another limestone— the Beekmantown ("Calciferous") limestone — 
imderlies the Mohawkian limestones at many of the places named. 
The Beekmantown limestone, however, is generally a very impure 
rock, high in mt^nesia, and should therefore be carefully distin- 
guished from the Mohawkian limestones, which are normally very 
low in m^nesia. 

The most extensive area of Mohawldan limestone in the State lira 
mostly in Oneida, I^wis, and Jefferson counties, along the valle}-8 
of West Canada Creek and Black Kiver. Commencing as a Darrow 
belt near Middleville, Herkimer C'ounty, it pass^ northwestward, 
increasing to about 8 to 10 miles in width, and going through Tren- 
ton FaUs, Prospect, Bemsen, Boonville, Port Leyden, Lowville, and 
Copenhagen, at many of which places it ia extensively quarried. The 
limestone belt here widens out greatly, being about 20 miles wide at 
Watertown, and extending along the St. Lawrence-Lake Ontario 
shore from near Clayton to near Port Ontario, a distance of over 50 
miles. Within this broad area in Jefferson County the limestones 
are quarried at Cape Vincent, Chauniont, Ciayton, Watertown, 
Theresa, and many other places. 

The Mohawkian limestones are, in general, pvre and nonmagnesian, 
dark gray to almost black in color, and commonly highly fossiliferous. 

The analyses following, which represent the different phases of the 
limestone, are arranged in geographic order, from Washington 
County on the east to I^ewis County on the west, 

1. n«pt. New York SUM <jeidi«M, 
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1. Kdoiu Lime Co., Smiths Buia, WnUngtcn Countr. TwaiUBth Ann. IlepL U. 8. Uad. Eurvej, 
pt. g (amttnoad), IHM, p. 427. 
7. Kbuu Um Co., BmltlH Bvtn, WiahbigtiKi Coiuil;. BuU. N«ir York Stela Uui. Mo. M, 1801, 

3. KHmu Lime Co., Smlthi Bsln, Wiihbigtcn Count;. H. Riga, uial^t. Idam, p. ST. 
t. HmtIi quarry, neai Whllelull, Wioiiliicuii CouDt;. Idem. 

(. Obans ^Ub. Whtoi Coun^. J. H. ApptoMo, anaLnt. SonntaniCb Ann. Rapt. V. S. Qml. Bur- 
in, pt 3 (amtiDOsd), UM8, p. 801. 
t. Glena F>U>, Wwna Count;. lUnanlliidiuti;, v<«.S, USS.p. 07. 
7. Glma r*lli, Wuno Count*. BnU. New Ytrk StUe lliu. No. U, 1901, p. 823. 

J.* .__■ — u_. ryCounir- l*tNn,p.7«. 

-— y CouDty. I. H. Bbemrd, uulyst TweDtleth Aim. 

, ,, , .„ yiiiimty. J. U, Shenwd, uiBlysl. Idem, pi. 8, p. «P. 

1. HgwKt quany, AmsUrdun, HantKunr; County. I. M. BhcrraTd, wulyst. Idpm, p(. 8, p. 4?7. 
3. Butkr qmrrj, lo^m lUk, HoUmn County. BuU. New Yotk Bute Uus. No. A, IBOl, p. 788. 

., r....i 'ifti»m HIUSi BcrUmer Ccuoly. Idem. 

iCounty. I. D. Irrtng, Mislyst. Idem, p. 802. 

land, uulj-Bl. Idem, p. 711. 
IsiBDytequury/pcctLeydeo, Lewis County, b.'u. Newluii], uulyit. Idem, p. m. 



1. Uswttt quenT, AmaMrdun, UmliooMry C 

Rfpt. U. S. Oeol. BuTTBy, pL « (antbraBd), UW.p. 427. 
16. Uawitt qoany, A m»tw «jam, llcmlgi: — — '' 



S. Wateis quarry, IvtwrfUe, Lewb Count;. 
«. Robetts quarry, CoUlnevllle, Lawb Count- 
7. ChrMy quarry, Leyden, I.ewis County. 



MZW TOHK (FOUOXXXXFSIX DISTRICT). 

In the Hudson River valley south from Albany to the Highlotub 
there are a number of isolated areas of Mohawklan limeetone, which 
owing to their favorable location have value entirely disproportionate 
to their size. (See PI. XIV.) 

Until 1909, when the Mohawkian limestone areas of southeastern 
New York were located and ezamined by the writer, nothing had 
been known as to their existence, so far as the cement industry 
was concerned. Trenton fossils from different points in Orange, 
Dutchess, and Columbia counties bad been described byProf. Dwi^t 
and others, but no attempt had ever been made to map the areas of 
their occurrence, and no data were available as to the character or 
composition of the limestones in which the fossils occurred. The 
senior writer had early considered- the possibility of finding nonmag- 
nesian limestones in this series in the lower Hudson Valley, but untU 
very recently had not considered the matter of sufficient commercial 
importance to justify the expense of exploration. Early in 1909, 
however, trade conditions made it necessary to develop some source 
of nonmagnesian limestone closer to both New York City and to New 
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England. The poesibility of finding the necess&ry supply in the 
Mofaawkian Beries in the lower Hudson Valley was given careful 
consideration. 

Examination showed that, with the exception of one unimportant 
little area north of Xewburgh, Orange County offered little oppor- 
tunity for developing the Mohawkian limestones in the region ^bu- 
tary to the Hudson River. On the east side of the Hudson, however, 
conditions were found to be more favorable, a belt of Mohawkian 
limestone being discovered within close reach of the Central New 
England Railway, now a part of the New Haven system. Extensive 
sampling showed that in both composition and tonnage the beds 
would meet the requirements of the case, and they were accordingly 
taken over by the American Cement Co. 

In the following table a number of analyses of the Mohawktao 
limestones from this district are presented; all were made by the 
Spackman testing laboratory on material sampled by the senior 
writer: 

Analyiti of McAawkian limeitonet, PoughketptU tSttriet, New Tort- 
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The above analyses, which represent a very large series now on file, 
show that the Mohawkian limestones of the Poughkeepsie district 
•furnish sufficiently satisfactory Portland cement materials. The 
magnesia, it is true, is always near the maximum limit, as it is in 
the cement rock of the Lehigh district- Otherwise, the rocks range 
from fairly pure limestone carrying 95 to 96 per cent of total car- 
bonates down to cement rocks of a grade about like that of the Bath 
and Nazareth portions of the Ijehigh district. None of the New York 
cement rocks require the addition of pure limestone, as do the cement 
rocks of the older part of the Lehigh region, but most of them do 
require the addition of clay or shale. Fortunately both Ordovician 
shales and Quaternary clays are convenient and abundant. 

LIMESTONES OF CLINTON AGE. 

The limestones of Clinton age in the western part of the State, 
though not particularly thick nor high grade, are of great value be- 
cause of the lack of better stone in a region where the demand is great. 

Throughout the eastern portion of its extent the Clinton is prp- 
dominantly argillaceous, its limestone beds being few and so thin as tn 
be negligible. At the type locality, Clinton, N. Y., the formation 
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contEuna at the top a representative of the Rochester shale, aod con- 
tains Rochester fauna practically throughout. Westward from 
Rochester the beds of Clinton age beneath the Rochester shale 
become thinner and more and more calcareous, until where they 
cross Niagara River into Canada they form an essentially limestone 
formation with unimportant bands of ioterbedded shale. 

This change in character takes place, it is to be noted, in approachr 
ing an area where, entirely aside from the cement industry, pure 
limrstones are not only in great demand but are also particularly 
scarce. The iron and stee! plants in the Buffalo region now require 
about 3,000 tons of fluxing rock per day, and this requirement is 
likely to Increase rather than decrease in the future. Until recently 
the chief sources of flux have been the pure limestone lenses at 
the base of the Onondaga limestone. (See p. 279.) But these lenses, 
both in Canada and in the United States, are now within measurable 
reach of exhaustion, so that the intensity of demand for a pure lime- 
atone in the Buffalo region is very great. In view of these facta 
the recently developed limestones of Clinton age become of peculiar 
industrial importance. 

In a recent re[>ort * Hartnagel has ^ven a detailed description of 
the geologic features of the limestones of Clinton age in the vicinity 
of Rochester. He subdivides them in this region as follows, from 
above downward: 

Subdivitim of Hmstbmu of Clinton age at RodieiUr, N. Y. (Hartnagel). 

Ft. iD. 

Irondequoit limestmie Not slated. 

Williamson A»le 24 

Wolcott limestone 14 

Furnscevi lie iron-ore bed 1 2 

SoduHah&le 24 

Unfortunately his report contains no data as to the chemical com- 
position of the limestones, and tliis, as will be seen later, is reaUy a 
very important part of the question. 

It has been previously noted Uiat the lower part of tlie Clinton 
becomes more calcareous toward the west, so that from Middleport 
westward to Lewiston the shales are unimportant. The following 
section wilt serve to aununarize ihe stratigraphy: 

Ofnerai MCiion of limetUmee of Clinton age in Lodcport-Lemiton diitrict. 

Tart. 

Upper white limestone (nuzimum) 14 

Middle gmy limestone 8 

Lower dark limestone 8 

Green shale j to2 

SaDdsttmss and shales (Medina). 



I Tlutua^, C. A., Oeolofio map al [ha Radialw uiil Ontario Bettch qiutdiancIeK BulL Nmr Ynb 
i<as» ytu. No. 11«, U07. H.)q1c 
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Owing to eroaion the upper limeatone U rarely present in its full 
thickness. Tlie quarries of tlie Lackawanna Steel Co., for example, 
near Pekin, show this limestone with a tliickness ranging from 8 U> 
12 feet. 

Owing to the work done by Conkling and Boardman for the Lacka- 
wanna Steel Co., a very thorough knowledge of the compoaition of the 
limestones of Clinton ^e in this latter region has now been obtained. 

Chemically tJie three are very distinct in composition. The upper- 
most is fairly low in silica, alumina, and iron oxide and carries gener- 
ally from 90 to 05 per cent lime carbonate and from 3 to 5 per cent 
magnesium carbonate. The middle limestone carries from 20 to 30 
per cent of magnesiuni carbonate and is also high in insoluble matter. 
The bottom limestone, though higher in silica, alumina, and iron 
oxide than the top stone, carries a much lower percentage of magne- 
sium carbonate. 

Tlie range in composition of the three limestones is well indicated 
in the following table of aual^es, selected from a lat^e series placed 
at the writer's disposal by Conkling and Boardman, who discovered 
and developed the property now worked by iJie Lackawanna 
Steel Co.: 

AnaJyiei of limattnu* of Clinlon age from mettem JVnr York. 




J. Top bed, Lockpgfl, N. Y. 
i. Middle bed, Lockport, X. r. 
M. Bottom b«d, LacVpoit, N. Y. 



BELDERBBRO GROUP AND ONONBAOA LIMESTONE. 



Whether regarded as present or ss possible future sources of 
Portland cement materi^, the Helderberg group and Onondaga 
limestone of the Devonian system comprise the most important 
series of hmestones in New York State. The two are separated in 
the greater part of their range by a comparatively thin bed of sand- 
stone — the Oriskany sandstone—and in some areas also by the 
Schoharie and Esopus grits. The Helderberg group ia divisibie 
into several well-marked formations. These limestones, either in 
whole or in part, extend eastward from Buffalo, in Erie County 
(where only the Onondf^a limestone is present), to Oriskany FaUs, 
Oneida County. Plere the belt turns about S. 30" E. and continues 
nearly to South Bethlehem, Albany County. From this point the 



mew TOBK. 279 

outcrops of the limestones trend almost parallel to and a little weet of 
Hudson Iliver nearly to Kingston. The belt then turns southwest- 
ward, passing through Ellenville and Fort Jervis into Fennsylvania 
and New Jersey. (See PI. XII.) 

The character of the limestones varies considerably in different 
portions of this range. Because of this fact and because of the 
different commercial values in the different geographic localities, 
the distiibution and character of the limestones are described in 
three separate sections— western New York, central New York, and 
the Tludsou River valley. 



The term "western New York," as here used, covers the area 
included between Seneca County on the east and Erie County on 
the west. In this area the limestones are tributary to the Buffalo 
market. That is to say, if limestones of satisfactory grade could be 
found at any point from Seneca County west, freight rates would 
permit their transportation on a competitive basis to furnaces or 
cement plants located in or near Buffalo. The market for the rock 
is therefore assured, but unfortunately the supply so far developed 
is far smaller than the market could conveniently take. The Helder- 
berg group of limestones does not appear in this portion of the State, 
and the Onondaga limestone carries normally a very large pei-centage 
of chert, so that through most of its outcrop it is too siliceous to be 
avfulable for either flux or cement. The beds which do not carry 
chert are rather pure limestone, low in magnesia, and ordinarily 
range from 93 to 98 per cent in total carbonates. In Erie County 
a number of rather large lenses of nonisiliceous rock have been found 
near the base of the Onondaga limestone, and in times past these 
have furnished the bulk of the limestone used in the Buffedo district 
for flux, chemical uses, and building lime. The total tonnage avail- 
able from these lenses is, however, limited, and unless new ones are 
discovered the supply from this source can not last for many years. 

In the following table a number of analyses are given of the Onon- 
daga limestone from western New York: 

Anal^ut Iff Onondaga tmuatont, wttttm JVtto York. 



Bnici{Binti 

AhimiiHi(AbC^).... 
Innaxfdo(FaiOt).. 

1.[|»(C.03 

CuEiB dlc^ae (COi 



- 

G4.M 

.«> 
43.00 



1. PoffboniNT qnarTr, ntHlamsrilk, Erla CouDty. H. Ctrboo. uulyU. TweoUpth Ann. Rapt. U. 8. 
Oeol. Survey, pt. A (omlluueill, 1899, p. tn. 

2. Rov^liquuT;, l^ray, Gennn rouDtf. Bull. New York SUM Uiu. No. M, ll)01,|i.7M. 

3. BDubel quany.Leroy. Cooeaee Count;. Idem, p. TBt. 

4. BibaxAquair;, Wata^aa,aene«Cmijity. IduD,p.aia. ,~. , 

_, .„C_iOOgk' 
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Most of the aboTe analyses represent only the purest beds in the 
series, free from chert. Heavy shipments from this region would 
involve the handling, in most localities, of at least as much cherty 
rock as pure limestone. 



In central New York — the term being conveniently used to cover 
the counties between Albany and Seneca — these limestones offer 
greater posabilities in the way of securing a supply of nomnagnesian 
and nonsiliceous rock. The Onondaga limestone is not appreciably 
better, so far as silica is concerned, than in western New York; but 
members of the Helderberg group come in below it, and these furnish 
in places an excellent stone for chemical purposes or lime-buming. 
The some type of stone could, of course, be used as cement material. 
The following table contuns a number of analyses of Helderberg 
and Onondaga limestones from central New York: 

^TUi^M* of BeMtrbtrg and OTtondaga Imeitoiut, cmtrol New Tori. 
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— ^. Bull.Nn>rorkfi(aMUiii.Ho.44,l>01>P-BOe. 

, ,. , T, uulyst Idem. p. 802. 

0-14. Orlskany Fnlli, Oneida County. A. 11. Chester, anlli'st Idem, pp. 802, 80S. 
IS. ItuinInK qiiaiT7, Columbia, Hendmrr Conntr. Idem, p. 788. 



U. CoblFskm.SchotaBrieCiHUKy. C. F. HcKeniu, malrsl. Twentieth Ann. Rept 0. B. 0«oL Surrey, 

, (oonilmied), I8W, p. «7, 

■" ~~ " iwes Csie. SchitfiBrie CoonlT. C A. Bchaeflet, iD^rat. Idem, p. 427. 

Bethlehem. Albany rounly. Bull. Neir Vork State Hnj. No. 44, 1901, p. Til. 



BOSaOV KIVKX VAXUr. 

In the Hudson River valley the limestones of the Helderberg group 
attain their maximum importance, not only because of their charac- 
ter and composition, but because of the high-grade market to which 
their location makes them tributary. (See Fl. XTtl.) 

In this area the Helderberg forms a very thick group, which has 
been divided into a number of distinct formations. Before giving 
analyses it seems desirable to present sections showing the relations 
of the different formations one to another, and this is done in the fol- 
lowing table: 

DiamzecDyGoOgIc 
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Ubter Count;. TT. RW, anBlysI. Bull. New Ycrk 
r E. C Bokel; aoslyud b; Leblcb 



1-a. BcondtUnuMau. AtlMP(irlltildOnMntCo.,Hiidaon,N.Y. TwmUrtli Ann. Sept D.B. OMd, 
Siuv«T. pt. « (GcnttoDBd), laeo, p. 427. 

3. ticcraft UmMiaie. Eniidcnbookcr Fortloid Canon Co., Hndm, N. Y. Svi^le by £. C. Eekd; 
uiatTted by Lciilgli Vall«y TmUus Labnnibiry. 

4-4. Bamtft Uaatooe. KnlckdiMokcr PortUnd Ctmoit Co., Hodion, N. Y. Sampled and uulyicd 
by H. E. BrnwiL 

7. Btcnn Itmotcn*. HoidndnqiiUTy,CalikO], Oreeae County. H. Klca, aualTSt. Bull. New York 
Slate Um. No. 44, 1001, p. TS7. 

S~ll. B«craftllTneMtD«. Near Alao, ancne County. Sunpled by E. C EckrI. Anitywd by Lehlch 
Valley Tatlng Labontcn'. 

12, B««nlttimntsae(^. Tmner qnury, Wllbin 
»tBU Uoi. Mo. 44, ISOl, p. Sa. 

13. Beoraft limealoae. Rondout, Ulitet Comity. Idnn. 
14-lS. ■fanUoslhimtau. Near Alien. Oreene Coonty. 

VtUey TcEtbw Ubcntory. 

10-17. UuilaaUnuMcoe. KnlokerbockerPirUaQdCemaitCo., Hndxai, N. Y. Idem. 

18-1V. Untlaslidiestoae. KDkikerbock«'P(«tlandCeineatCa.,Hiidaoa,N. V. aampled and analjtM] 
by H. B. Brawn. 

TTTLLT LIMESTOIfE, 

The tbiimeea of the Tully limestone would probably allow it to be 
disregarded as a Portland cement material if it were not for its advan- 
tageous distribution. It occurs only in central New York, but it 
occupies a greater area than any other limestone in tiiat part of the 
State. Its line of outcrop, moreover, is crossed by all ihe Finger 
Lakes, on the shores of most of which it is well exposed, and by numer- 
ous railroad lines leading to the coal r^ons of Pennsylvania. With 
these advantages of position, even a relatively thin limestone bed ia 

Goiwlc 
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worth considermg, and one Portland cement plant that uses the TuUj 
limestoae ia already in operation. 

The most western known exposure of the TuUy limestone is near 
Reed Comers, Ontario County, whence it' runs southeastward through 
or near Gorham, Stanley, Hall Comers, and Dresden, disappearing 
below the waters of Seneca Lake opposite the village of Starkey. It 
reappears on the east shore of the lake about 5 miles south of Willard 
and is exposed almost continuously along the shore as far north aa 
Willard. Here it turns eastward through Ilayt Comers, then south- 
eastward near Sheldrake to the Cayuga Lake shore east of Covert, 
and thence southward along the west shore through Trumanshurg to 
Glenwood. Its most available outcrops are, however, on the east 
shore of Cayuga Lake, which it follows closely from Portland Point 
norUi to opposite Kings Ferry. Turning northeastward the limestone 
outcrop leaves the lake and passes through Poplar Ridge, Sherwood, 
and Scipio. From this point to its moat eastern known outcrop, 
which is near Smyrna, Chenango County, the outcrop of the Tully 
limestone is too irregular for ready description, ^ee PI. XII.) It is 
sufhcient here to indicate its course by saying that the principal vil- 
lages and stations on or near the outcrop are, in order eastward, 
Cascade, Locke, Moravia, Miles, Glenhaven, Scott, Spofford, Boro- 
dino, Otisco Valley, Tully, Truxton, Cuyler, Deruyter, Geoigetown, 
and Smyrna. 

The TuUy limestone is low in magnesia, rarely carrying over 1 ) per 
cent of magnesium carbonate. It commonly carries a rather lai^ 
percentage of silica, alumina, and iron oxide, in places approximating 
in composition the cement rock of the Lehigh district. The analyses 
given below are fairly representative of its range in composition. 

The limestone is immediately underlain by a series of shales which, 
as shown by the experience of the Portland cement plant near Ithaca, 
are well adapted to mixing with the Umestone. 

AnalsKt of Tully limatone. New York. 



8IUc*(Sio,) 

Ahimlna (AhOiJ 

Inn oxid« (PdiOi) 

Ume{CaO) 

cSnndlaii^ (COi)! '. '. 



1. U 
«L«8 



LTopb«d. PoTlluid Faint, Tompkliu County. I. H. HoOnira. uulnt 

3. madlebad. Portland Pointy Tompkins CountT. J. H, UcOnlre, uiafrat. 
I. Bottom bvd. Porttond Point, Tompklaa CoiintT. J. H. llcaiili& aulnt 

4. Mnr LaOflni, Tompklni Couat]>. 11. Kta.uiilTst. BuU.New YorkBI&t 



Km-Ko. M. UOl, p.WO. 



7. Dmdoi, YktM Oouaij. SampM >3 



2. BcmL An^Md by H. 8. Spuknun. 
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QUATEBNABT HARLB. 

Small deposits of marl occur at many points in eastern and noTthem 
Nev York, filling old lake basins and now forming swampy tracts, 
oreriain by much impure peat. So far as known, none of the deposits 
in this part of the State are of workable size. 

In western and central New York^ howerer, lai^e marl deposits 
have been found at many points. They are, or hare been, utilized 
in the manufacture of Portland cement at Montezuma, Cayuga 
County; Jordan and Warners, Onondaga County; Caledonia, Genesee 
County; Wayland and Perfcinsville, Steuben County; and Cassadaga 
Jjake, Chautauqua County. Other large deposits, as yet undeveloped, 
are known' to occur northwest of Canastota, Oneida County; at 
Cortland, Cortland County; Clifton Springs, Ontario County; Claren- 
don, Orleans County; and Bergen, Qenesee County. 

The New York marls show, on analysis, the ordinary variations in 
compoBition. Most of those included in the table below are or have 
been actually used at Portland cement plants. 
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1. lioqiiidi FoitlBUd Cement Co., CBledoola, UvhuaUia Coontr. 
2.3idle«*6etrfKiimtonJ,Uvln|pt.inCouaty. BulL Ner "— ^ ■"- 
>. 1 mile wert ol BiKjni, Oeaeaa^aantT. J. A. Ml" 
4. Hiiiiifcml,MoDrDeCouiiiv. (^k»nini tufa.) I 
i. MlUeo Portknd CenMot tV>., Way'— ■ «»—>—' 



1 Alka)ka,3Mva cent. 



r, Koi^n. I 



0.44,1901. p. 704. 

FOBTLAHV CBKXNT INDU0IBT IN NEW TOBK. 
EABLT HI8TOET. 

The broad features of the development of the natural and Portland 
cement industry m New York have already been given in outlining the 
general growth of the industry throughout the country (pp. 20-23, 
27, 29). The following account gives detuls that ootUd not be 
included in the general outline. 

Portland cement manufacture in New York State started only a few 
years after cement making had been b^un in the Lehigh district of 
Fennaylvania. The history of the New York industry was, however, 
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entirely distinct from that of the Leh^h diatrict. Men, materials, 
and methods were different, and in consequence the early history uf 
the New \ork industry contains much of interest. For the data 
contained in a brief sketch given in the following pages the writer is 
indebted to Messrs. J. Gardner Sanderson and Edward Duryee, who 
placed at his disposal much material concerning the early plants 
with which they were connected. 

The earliest experiments in the manufacture of Portland cement in 
New York appear to have been made about 1875-76 by a Mr. 
Dunderdale at East Kingston, Ulster County, in the Rosendale 
region. Messrs. Cornell and Coykendall furnished the capital. The 
materials used were marl, brought by Erie Canal from the Montezuma 
marBhes, and a clay obtained near the plant. Cement of a very hi^ 
grade was manufactured, but the materials and processes used were 
too expensive for financial success. The details of the experiments 
are not at present obtainable, but some idea of the methods followed 
and of the general high quality of the product may be gained from 
the following extract from the published report of Gen, Q. A, Gillmore, 
on the cements exhibited at the Philadelphia Exposition of 1876: 

It is deemed proper ae a subject at general interest to refer briefly to some cements 
not lepreaenled in the exhibilion. 

The National Portland Cement Co., of Kingston, Ulster Conn ty, N. Y., hasrecenlly 
been orf^anized for making Portland cement by the fourth method above described.' 
The materialB employed are fuller's earth, kaolin, and lime. They are thtuvughly 
ground and mixed'tagetherinsuitAblepToportionsby the wetprocew, although murh 
leas trater is used than in the EngliA works or in those at Boulogne. The mixture 
when completed is in a rather stiff eemiliquid state. In this condition it is run out 
upon a floor underlaid with warming flues, where it is dried to the state of tempered 
brick clay. It is then passed throuf^ a brick nutchine and subsequently burnt in 
common continuous upright kilns with anthracite coal. 

Specimens of this cement have been tested several times by the writer with excel- 
lent results. On the last occasion the method adopted with the cements in the 
exhibition was strictly followed. One and one-half inch cubes seven days old, com- 
posed of equal parts ol dry cement and »ud, gave a crucliing strength of 3,335 piounda 
per cube as an average of 20 trials, being a little higher than the beet Portland cement 
exhibited, as shown by the table. 

Next in point of date was a small plant at Low Point, Dutchess 
County, erected by the engineer and contractor for the first Pough- 
keepsie bridge. Some cement was made here and used in the tower 
foundations, but the failure of the bridge project also ended the 
cement experiments. 

During the winter of 1877-78 J. Gardner Sanderson and T, T. Crane 
carried on a series of experiments at Croton-on-the-Hudson. A small 
Upright kiln was used, with a Bogardus mill run by power wbich 
during the summer was used in brickmaking. These experiments 
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and the analyBis of a large number of specimens of possible materials 
convinced the experimenters that the Umestones of Hudson River 
generally contained too high a percentage of magnesium carbonate, 
and the clays too much free sand, to be suitable ingredients of a 
Portland cement. Certain strata of limestone, however, belonging to 
the Helderberg group and Onondaga limestone* (see PL XIII), the 
outcrops of which extend approximately north and south a short 
distance west of Hudson River, crossing Kondout Creek near South 
Sondout, were found to be remarkably pure and free from magnesia 
and well adapted to their purpose. As above stated, most of the 
clay deposits near Hudson Kiver carried too much sand to be of use. 
After careful search suitable clays were found away from the river, 
the best being found in an extensive deposit near Phoenicia, on the 
Ulster & Delaware Railroad. 

In 1880 the Wallkill Portland Cement Co. was organized. The 
limestone and clay properties above referred to were purchased, and 
an abandoned flour mill at Carthage Landing, on the Hudson, was 
leased and equipped with suitable machinery, a drying channel, and 
two upright kilns. Ilie manufacture of Portland cement was com- 
menced at these works early in 1881. The product, though small in 
quantity, was of excellent quality and had a ready sale. Tests and 
reports by Clark and Maclay demonstrated the value of the cement, 
and the experimenters were satisfied that the manufacture could be 
made commercially successful on a larger scale. At both the Low 
Point and Carthage Landing plants gas-house coke was used for fuel. 
Average analyses of the clay and limestone used are given on 
page 287. A typical analysis of the cement made at Carthage 
Landing follows : 

Analytit of ctmentmadt at Carthage Landing, N, Y. 

Lune(CaO) 59.43 

Magnesia (MgO) 1.72 

IroQ peroxide (FejO,) 5. 17 

Alumina ( AljOj) 8. 13 

Silica (SiO^ 24,10 

Water, alkalies, etc 1.45 

loaoo 
In the latter part of 1881 work was commenced on a plant on the 
limestone property near South Rondout, and in 1883 works with a 
capacity of 200 to 300 barrels a day were put in operation. These 
works were equipped with Blake crushers, cone grinders, buhrstone 
mills, mixers, and formers. Sixteen upright dome kilns were in use, 
with a drying channel connected and heat<^d by the waste gases from 

■ Unuglone fiom Um same boriion li ooir being used In (be maaulMtun oT Portload cement hy lira 
companieB, UieCaUklllCeniBntCo.iuid Aben'i Anwricwi Portbnd CeountCa., botb ofwUchvek ibiiA 
diMune Math of Cit«kili. 
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the kilns. The limestone and clay were crushed, ground, and mixed 
dty, then steamed and formed into bricks, which were loaded on iron 
care and run by gravity through the drying channels. 

For some time after cement manufacture had been in progress at 
these works the gas companies of New York and Albuiy had sup- 
pUed the coke necessary for burning the material, but the introduc- 
tion of the water-gas process cut off this source of fuel supply and 
left the plant dependent on PennsylTaDia coke, the cost of which 
increased the cost of cement very largely. Mr. Sanderson therefore 
commenced experiments with crude Lima oil as fuel, but found that 
the clinkering of the cement materials in front of the burners pre- 
vented the heat from entering the chaise. Knowing that this same 
dithculty had been met in metallurgic operations and overcome by 
the use of rotary furnaces, he b^nn experimenting with a kiln which 
had been patented in 1881 by George Duryee, of New Jersey. 

In October, 1888, a kiln 50 feet long and 50 inches in diameter was 
put into operation at the South Rondout works. The upper end 
was at first made 50 inches higher than the lower end, but later was 
lowered to 30 inches. This method was found to be very satisfactory, 
the one kiln handling all the material the mill could supply and pro- 
ducing a uniform and high-grade product. Of still greater importance 
was the fact that it was found possible to charge the mixed andground 
raw material directly to the kiln without preliminary wetting, making 
into bricks, and drying. This was the first American plant at which 
this practice of direct chaif;ing was followed. 

In 1889 the plant was entirely destroyed by fire, and Portland 
cement manufacture in the lower Hudson Valley ceased till 1900. 

The following notes from the Kondout records establish some dates : 

October ts, l8S8.~B\im.eA about 100 bamb to-day; oil fuel. Ground the lime- 
Btone and cUy sepaiately dry, and mixed before feeding to kiln. Mixture— clay, 21 
pounds; limestone, 80 pounds. 

February tS, 1SS9. — Mixture bum«d — clay, 21 pounds; limeBtone, 100 pounds. 

AitalytU o/retiUting cement. 

Linie(CaO) 65.96 

Silica (SiOj) 14 53 

Alumina (AIjO,) sjid oxide of iron (FcjO,) 11. 09 

Potaah{K,0) 12 

8odaCNa,0) 62 

Carbonic acid (CO,) 97 

Magnesia and undelermiiied 2.71 

loaoo 

Phgiieal U*U qflmtiU $trength. 
7 dayB«2&3 pounds. 
14 days=466 pounds. 
Second toets: 

7 daye^SOe pounds. 

10 days«S09 pounds. ^^ , 
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RepreBentative analyses of the limestone and clay used at the Car- 
thage Landing and South Rondout plants follow: 

Anaiytet of IxmaUtne and clay vted/or cement moHng. 



Llm«(CBO) 

««gn««t« (MgO) 

Inn pimxidB (revO)), 

AlomlittlAliO.) 

SIIIn(S10,) 

CH4>aalcaeld<COt)... 
WBtiiTud*IkaUM.... 



In the fall of 1890 operations were commenced at Montezuma, 
N. Y., where the company owned 1,700 acres of land, underlain by 
a deposit of marl and clay from 4 to 20 feet thick. The deposit lay 
below the level of Cayuga River and near ita sliores. It was over- 
lain by several feet of muck, which was first dredged off and used 
for filling and grading for a railroad. The marl and clay had a rather 
uniform composition, and it was found practicable to excavate both 
materials by a'stcam dredger, which brought up a ton every ihiee 
minutes. 

The marl, containing about 50 per cent water, was drawn by a 
steam hoist up an incline into the second story of the works and 
above the upper end of a mixing machine, into which the load was 
dumped without drying or other preliminary treatment. At the 
same time a. weighed and ground portion of clay was added to 
standardize the mixture. The materials mixed as they gravitated 
toward the lower end of the machine. Tlie entire process was prac- 
tically continuous, a fresh charge being added at the upper end of 
the mixer every 10 minutes, while an equal amount was being drawn 
off from the tower end. The mixture then passed to a stone mill 
Uiat completed (he mixing and ground any coarse materif^. From 
the mill the mixture was introduced directly by a screw conveyer 
into the rotary kiln, oil being used as fuel. This was imique not 
only in its length, 75 feet, but in having opposite its lower end a 
gas retort or combustion chamber, heated by a coal fire, tliat vapoi^ 
ized the oil as it was sprayed into it. The air blast from a rotary 
fan blower also passed into this chamber. 

W. A. Smith ' gives the following interesting contemporary accoimt 
of this kiln : 

Duryee'e revolving funuce coosuta of & gheeb-iron cylinder, 75 feet long, inclined 
toward the firing end three-eighthe inch to 1 foot. The lower hot end ie 6 feet in 
diameter for a length of 20 feet, and is lined 9 inches thick with a mixture of ground 
Gre brick and molaases. The remainder of the cylinder, 65 feet long, has a diameter 

I Uinenl InAatOj, tdL 1, IWi, p. SL 
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of 5 feet, and ia lined with 6-inch fire hrick. Only the lining at the hot end requiraB 
reneval, and this can be replaced in 10 houn, at a cost of (25. The cylinder revolves 
on caet-iron rollere three times a minute. The power required is 5 horsepower. 

At the lower end a small coal fire ia kept up on a grate, but the chief fuel ia crude 
petroleum, introduced in a jet which meets the hot-air blast. The coneunption of 
oil is 8 gallons per barrel of cement clinker produced. Fifteen banela of oil are 
required to heat the furnace ready for burning cement. 

The clay and marl are mixed wet and run in as a slurry at tlie upper end. The 
mixture in dryii^ forms a sand, which moves slowly downward with the turning of 
the cylinder, and ia finally discharged at the lower end as cement clinker of the sise 
of small gravel. It takee two hours to run the particles through. The operatjou is 
c<HitinuouB,and the product is 250 barreb per day. Itlsclaimed that all the mixture 
is burned to Portland clinker. 

From a. series of an&lyBes and teste, fumislied by Mr. Durjee, the 
f ollowiDg have been selected : 

Anab/tei t^ maUriaU uted and retulUng produclat iionttiuma, N. Y. 



UnwfCaO) 

SlUcatSlOO 

Alumina (AhO,) 

Ironoxida(PeiOi) 

IfaDHSU(UgO) 

CtfboD dkolde (COi)-- 



D CalculalBd witbout moiature. 

A report by W. W, MacLay, dated April 28, 1892, gives the average 
tensile strength obtained, as follows: 

Poimdg. 

Neat, 7 days W9 

Mortar (1:2), 7 days 245 

Mortar (1 ; 2), 28 days 418 

The works at Montezuma were entirely destroyed by fire in June, 
1893, and have never been rebuilt. The plant is of particular 
interest because of the advanced technologic methods thwe em- 
ployed. It vas the first American plant in which wet raw materials 
were fed, without drying or briquetttng, directly into rotary kiliis. 

The history of the above plants, which bore a certain relation- 
ship to each other either in locality or maoagement, overlaps in 
point of date the b^inning of the present system of New York 
cement plante. The destruction by fire of the South Rondout and 
Montezuma plante terminated the connection of the early experi- 
menters with New York's cement industry, and the early history of 
that industry may be said to end in 1893. As early as 1886 another 
Portland plant had been erected, but this plant was managed by an 
Englisliman, and the problem was attacked in an entirely different 
manner. The earlier plants liad been aggressively original and 
American; the plant at Warners, with ite dome kilns and wet mix- 
ing, was liltra-English. Until within tlie last few years the typical 
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"New Tork plant h&^ been one using marl and day,* miiring wet, 
briquetting and drying, and burning in dome kilns. The Wamera 
Portland Cement Co. ;rect«d a rotary-kiln plant near Warners, 
Onondaga County, but it was in operation only a short time and has 
been shut down aince 1894. 

FBB8ENT OONDmOK. 

Though New York took a prominent part in the early development 
of the Portland cement industry of the United States, it now ranks 
ninth aa a cement producer. However, the extensive series of lime- 
stones which outcrop within its borders and its excellent local markets 
for cement and cement products will probably enable it to improve 
its rank as a Portland cement producer very materially within the 
neoEt few years. 

In 1911 seven Portland cement plants, with an output of 3,314,217 
barrels, wtxe in operation in New York State. Of theee, one employs 
Trenton limestone with clay, four use limeetonee of the Helderb^ 
group with clay or shale, one usee Tully limestone with shale, and two 
employ marl and clay. Two other plants, both using marl and clay, 
have been idle for several years but are described below in order to 
complete the record. 

The plant of the Alsen American Portland Cement Co. is located at 
West Camp or Aleen station, near that of the Cat«kill Cement Co. 
The materials at firat used by tiiis company were the Becraft lime- 
stone of the Helderbei^ group and clays of Quaternary age. As 
elsewhere along Hudson River, considerable trouble has been expe- 
rienced in using these clays for cement material, the difficulty being 
due in part to their low silica content and in part to the necessity for 
cueful drying. Excellent shales, however, occur in the immediate 
vicinity of the plant and can be used with the limestone. The Becraft 
limestone is here, as in most places, fairly high in lime carbonate, 
ranging from 92 to 96 per cent, and is low both in clayey matter and 
in magnesium carbonate. Shaly limestones which also occur in the 
Helderberg can be combined with the Becraft limestone. 

The plant of the American Cement Co., located 2 miles east of 
Jordan, Onondaga County, was erected in 1892. The works were 
operated without interruption until 1900, when they were shut down, 
owing to new construction by the company at Egypt, Pa. 

The materials used were marl and clay, both obtained from a marsh 
near the works, another bed of marl being owned by the company 
nearer to Jordan station. Tlie marl was white, varying in thickness 
from 8 to 16 feet. It was overlain by thin muck and underlain by 
blue clay. The muck was sb4pped, and the mu-1 and clay were 

1 TbMB wu, in tvA, but ons eroptigii to thb role. The Oboe FbUb Portlwid Cemeat Co., M Olew 
taOa, Werren Cotmt;, hu apentad Boboelu' Ulna BlQCe ISM on llmeslODe uid obf. 

48834"— Bull. 522—13 19 .^-. . 
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dug and transported to the works by a wire ropeway. The clay 
was dried and ground separately, after which It waa mixed with 
the marl in pug mills. The resulting slurry was spread out on a dry- 
ing floor and cut into bricks. These bricks were tiien loaded on plal^ 
form cars, dried in tunnels heated by coal fires, and fed to the kilns. 
Twelve kilns of the dome type were in use, coke being used as fuel. 

The clinker was reduced first in Gates and Mosser crushers and 
finally in Griffin mills. The cement was marketed as the Giant 
(Jordan) brand. The following analyses of tiie raw materials and 
finished product were furnished by the company: 

Jnadwi of otmmt mataiaU and etmaUof A.merioo'^ Ctfnmt Co., Jordan, JV. K 





Mul. 


Cliir. 


CoiMDt. 
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101 

































The Portland cement plant of the Catskill Cement Co. at Smith 
Landing, Greene County, was erected in 1899 and shipments were 
conmienced in July, 1900. The materials used ue clay from the 
river terraces and limestone of Helderbeig age. A bucket cableway 
is used to transport the raw materials from the quarry and clay bank. 
The following average analyses of these materials were furnished by 
the company: 









LfaDMlona. 


a«r. 
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The cement is marketed as the Catfikill brand. The following 
analyses of the finished product were furnished by the company, 1 
and 2 having been made in its laboratory, and 3 by H. E. K^er* 



Amly«4 o/cmmt made by CaUhUl Cment Co. 
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The plant of the Cayuga Lake Cement Co. at Portland Point, 
TompkinB County, on the east shore of Cayuga Lake, uses TuUy lime- 
stone and shales of the underlying Hamilton formation. 

Hie following analyses, by J. H. McGuire, chemist of the Cayuga 
plant, show the compoeition: 

Anafyta of eemmt-maiinif maUriab vted ^ Cayuga Portland CentttU Co. 







Bb&le. 






■ii 


7.8« 
4.01 
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S8.« 
2.33 


21.78 
S.32 
1.81 






20. «a 

















In 1S86 T. Millen & Sons commenced the manufacture of Portland 
cement at Warners, Onondaga County. Id 1890 the plant was pur- 
chased by the Empire For^and Cement Co., and t^e worlra were 
almost entirely rebuilt, a much larger output being secured by the 
improvements then introduced. 

A few years ago the dome kilns fonnerly used at this plant wwe 
replaced by rotary kilns. This plant was not in operation in 1911, 

The materials used are marl and clay, obtained from a swamp in 
the vicinity of Warners, the present workings being located about 
three-fourths of a mile from the works. The matl bed covers several 
hundred acres, of which about 100 hundred acres had been exca- 
vated in 1905. A revolvii^ derrick with clam-shell bucket b em- 
ployed for excavating the marl, the clay being dug by hand. The 
materials are taken to the works over a narrow-^age railway owned 
by the company, on cars carrying from 3 to 5 tons each, drawn by 
a small locomotive. At tiie works the cars are hauled up an inclined 
track by means of a cable and drum to the mixing iloor. 

The swamp from which the raw materials are obtained shows sec- 
tions, from top to bottom, approximately as follows: 

Section in tmtmp at Witmtrt, N. ¥. 

Fnt. 

Muck 1-2 

Upper bed, white marl 4-7 

Lower bed, gray to brown nuffl 4-7 

Sand 0-1 

Bluish clay 2-5 

As might be expected from the relative color of the marls, the 
material from the lower bed shows on analyds more organic matter 
than that from the upper bed, for which reason more of it must be. 
used with the same amount of clay. This distinction is accompanied 
bj other slight but rather constant differences in chemical compo- 
sition, which have also to be taken into account in preparing the 
cement mixture. 
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Analyses 1 and 3 below are quoted by Cumnucgs;* 2 and 4 were 
furnished by the Empu« Co. 

A7ialy$e$o/canaU'i7uitingmattHaltv»«dat Women, N. Y. 




L^s 



13.51 
A.4B 

23.M 



This clay runs higher in hme than any other in the Stat«, the clay 
showing the nearest approach to it being that used at Wayland, 
which carries a little lees than 20 per cent of lime carbonate. 

Of the analyses of the Empire brand below, 1 is quoted by Cum- 
mingB,' 2 by Liewis,' and 3 was furnished by the company. 

Anolyta o/cement made fry Empire Cement Co., Women, N. T. 
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30.80 
T.IO 
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S.45 






























1.71 











In 1893 ^6 Olens Falls Portland Cement Co. commenced the 
erection of a plant at Glens Falls, Warren County, and in 1894 put 
"Iron Clad" brand of cement on the market. Six shaft kilns of the 
Schoefer type were installed, the Olens Falls plant being the second 
in this country to make use of that type. Though highly economical 
in fuel, these kilns were rather expensive in both the quantity and 
quahty of labor, and they have recently been replaced by rotary 
kilos. 

The materials used are limestone and clay. The former is of 
Trenton age and is obtained from the Glens Falls quarries. Con- 
siderable care is required in selecting and mixing the stone from the 
different layers in order to obtain a suitable and uniform product. 
A very clean and uniform clay, overlying the limestone in this area, 
is the other ingredient. The composition of these materials and of 
the resulting cement follows: 

COIMDtB, 1888, p. 383. 



■.Uriah, 
■ Op. dt., p. 88. 
• UfaMinl IndoibT, vol. «, 1888, p. 98. 
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AtulyMt of eanml'tiuiingmaleriaU and cement from Olent Fallt, N. Y. 
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The plant of the Helderberg Cement Co. is located at Howes Cave, 
Schoharie County. Quarries in the Salina fonnation or Rondout 
limestone at this point have been long used for the nianufacture of 
natural cement, while quarries higher up, both geologically and 
topographically, furnished a very pure limestone, which was burned 
into lime. 

In 189S the Helderberg Cement Co. began to utilize stone from these 
latter quarries in the manufacture of Portland cement. Though 
commenced on a small scale, the industry would seem to have pros- 
pered, for a much lai^er plant belonging to the same company was 
erected during 1900 and has been in operation continuously since 
that date. The materials used are limestone and clay. As noted 
below, the limestone used at this plant for Portland cement is obtained 
from the old lime quarries, and the clay is taken from a Quaternary 
deposit in the vicinity. 

llie limestone used in Portland cement manufacture is obtained 
from the Becraft and Manlius limestones exposed in quarries just 
west of the station, on the northern side of the railroad track. Partial 
analyses of these limestones, quoted by Prosser as having been made 
by C. A. Schaeffer, follow : 

, Analyta of IwittUmtt v»ti at Howe* Coxe, It . Y. 





Ibnlloa 


Bemii 
llnuMair. 


.. 


^S 













Another sample analyzed by Schaeffer gave the results stated 
below. 

Analgtit o/ limetttme ved/or mahinff eemeTtt at Sowet Cave, N. Y. 

Silica (SiO,) 1.27 

Alumina (A1,0,) 1 

Iron oxide (Fe,0,) J '" 

Lime carbonate (CbCO,) »7. 24 

Hi^eaium carbonate (MgCO,) L 39 

Sulphur trioxide (SOJ Tiace. , 
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The plant of the former Hudson Portland Cement Co. was built 
Bome years ago in the city of Hudson, Columbia County, and was 
at that time the only cement plant in the United States east of 
Hudson River. Late in 1908 it was acquired by interests closely 
associated with the Atlas Portland Cement Co., and a new and much 
larger plant is being built a few miles from the site of the old one, 
and will be operated by the New York & New England Cement & Lime 
Co. The limestone used here is obtained near the new plant, from 
an outlyii^ area of Helderberg limestone known as Becraft Mountain. 
Quaternary clays and shales of Ordovician age were used to com- 
plete the mixture. Other shales occur, however, as well as shalj 
limestone, and it is probable that in the future the cement will be 
made from some of these materials. Analyses by Heiberg and 
Rooey of the cla^ and shales originally used at Hudson follow: 





N. Y 






Sbale. 


Ctoy. 


BtUclSIOi) «.7I) 


04.30 
33. «0 

{:3! 


ta.90 

37. M 




S2.10 


^t^=E:==i'i^ 


3.a 



The Marengo Portland Cranent Co. formerly operated a plant near 
Caledonia, Livingston County. This plant was built in order to titflize 
a local marl deposit, the marl being mixed with ciay brought from 
Canawat^pis, Glenesee County. In 1909, however, limestone from 
near Iieroy was substituted ^r the marl. Analysea of the marl and 
clay formerly used here follow: 





or CaUdonia, N. T. 
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The Empire Portland Cement Co. erected a plant at ^ 
Steuben County, which commenced producing in October, 19(^, but 
which has now ceased operations. The matwiala used were marl 
and clay. The marl was obtained from a deposit near the miUi 
about 1S5 acres of marah land being owned by the company. The 
marl bed in this marsh is about 6 feet thick. Unlike the deposits of 
Onondaga County, however, it is not underlain by day, and the 
latter material is obtained near Mount Morris, in Livingston County, 
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where it is one of a series vhich occur in tbe terraces bordering 
Canaseraga Creek and Qeneeee Kivei, extending more or less con- 
tinuously from Dansrille nearly to Rochester. The claj for cement 
vas worked at a point about 4 miles south of Mount Morris, and was 
shipped over the Lackawanna Railroad to the works, a distance of 
about 20 miles. 

The following analyses of the raw materials and of the finished 
product are fumiahed by the company: 

Analytti afelaif, marl, andtaiunt, Wagbitid, If. Y. 



Alamlna (itubi) 

Inn oxide (FeiOi) 

LUne cwbmale (CiCOi 



Lli»{CbO) 

llaHMahim eubniMte (UgCOi)... 

UaciHsls (IbO) 

Lime suJpbKtQ (C>SO|} 

BulphuT blozlde (80i) 

Hotatoieaiid oijuUd nutter 



The analyses of the clinker were made for the company by F. E. 
Engelhardt, of Syracuse, N. Y. 

The plant of the Wajland Portland Cement Co. was erected in 
1896 in the town of Wayland, Steuben County. It uses a light- 
colored marl hx>m a deposit 2 to 14 feet thick, OTerlain by 6 inches 
to 3 feet of muck, which occurs in a marah near the works, and a 
light-^;ray Pleistocene clay from Mount Morris, Livingston County. 
The marl is not underlain by clay. The following analyses of the raw 
materials were furnished by the company: 

Analyita of marl and ela^ vttd at WayUmd, N. Y. 





^. 


ci»r. 




M.4 

11.3 

























In addition to the plants above deecribed, one other, that of the 
Knickerbocker Portland Cement Co., on the east side of the nver 
near Hudson, began operation in 1911. This plant uses the 
Becraft and other limestoues of the Helderbeig group with clay or 
eh&le. 



izecy Google 



296 POBTUim) CEMENT UATEfitAXS OF UNITSD 8TATBB. 

BIBUOOKAFHT. 

The following list contains the more important papers and reports 
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PORTItAND CEMBNT RBSOURCBS OF NORTH CAROIiDfA. 

No cement plants have ever been operated in North Corolina, and 
the State will probably never be an important cement producer 
because of the conditions as to fuel and the lack of local markets. If 
commercial conditions should justify the erection of a cement plant, 
however, good raw materials are available. 

FOBTLANS OXICBNT 1CATERIAX.B. 

The limeatones suitable for cement manufacture in North Carolina 
fall into two daases, distinct geographically as well as geologically. 
These are (1) the crystalline limestones of western North Carolina 
and (2) the soft limestones of eastern North Carolina. 

OBTSTALUNB LOIKSTONBS. 

In tiie extensive area of metamorphic and igneous rocks that covers 
the weetem half of North Carolina outcrops and beds of crystalline 
limestones, or marbles, are common. Many of these marbles are 
highly magnesian in composition, but the specimens used for the 
analyses below were low in magnesia. 

Arutlgta oferyttaUxM Umatona, North CaroHna." 



SojfSoj':; 

o»o3 

tto(isO).... 



a BnkvTllle, ainlTSt. BnlL North CuoUiui Oeol. Bumr N 



So far as composition goes, these are certainly satisfactory enough 
for use in cenkent manufacture, but conuuercial considerations would 
prevent the erection of a Portland cement plant in this part of the 
State. 

aoFT UHierroNBS (shkll habi^). 

In the eaat«m part of North Carolina heavy beds of soft limestone 
occur in the Eocene and Miocene formations of the coastal plain. 
These soft limestones are the "marls" of early geologic reporte hut 
Bhould not be confused with the fresh-water marls now so largely used 
as cement materials. Most of the limestones of North Carolina are 
low in magnesia but contain considerable percentages of clayey matter 
or of sand. A deposit free from sand would furnish excellent material 
for Portland cement. Clays to complete the mixture could readUy 
be obtained in the same formations. 
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Analii$a of$oft limetbma ("martt"), North Gnvlma." 
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„ .. .'no mlln above Rooky Pdat. New HttnoTR- Comity. 

10. One mlla turthcMt of mhnlngton, New U&naTer Comitr. 

11. On mile WESt of Rooky Foliit, New Hsoover Count;. 

The shell marls or fragmental limestones just referred to, both in 
t«xt and in table of analyses, occur in thin but fairly continuous beds 
along the entire coast of North Carolina but are exposed beet along 
the lai^er streams. In the vicinity of Newborn, where they appear 
extensively along the Neuse and Trent rivers, the senior writer 
recently had an opportunity to examine them in some detail as a 
possible source of Portland cement material. Though the results of 
the examination were unfavorable to such utilization, they developed 
certain facte which are summarized for this bulletin. 

The marl beds near Newborn vary from 5 to 15 feet in thickness. 
Eixcept along the main streams, where they are exposed in the banks, 
they are commonly covered by heavy deposits of sand and sandy clay. 
As the marl beds were originally simply maasea of shells, very loosely 
compacted and porous, the overlying sand has naturally sifted down 
into and throu^ the marl, bo tbat the beds as they exist now are 
almost everywhere full of sand grains. The extent to which the marls 
have been thus damaged for commercial uses is shown by the follow- 
ing analyses, all of which were made by A. J. Phillips at the St. Louis 
laboratory of the United States Geological Survey on material sam- 
pled by the writer: 

of Ttrtiary marUfTom near Newbtm, N. C. 
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These anslysee show that the materiftl can not be put to satiaf actoiy 
use for either Portland cement or lime. Of the 13 samples recorded, 
only 1 is reasonably high grade bo far aa silica is concerned. As 
the local clays, so far as examined, were also very sandy, and aa fuel 
in this area is by no means cheap, the problem of utilizing these marls 
commercially is difficult. 

PORTIiAND CEMENT BE80UBCE8 OF NORTH DAKOTA. 

Only one limestone formation of any importance — the Niobrara, 
of Upper Cretaceous age — is found in North Dakota, and even this is 
abnost entirely concealed by a thick covering of drift. The Niobrara 
fonnatioa was recently utilized for Portland cement manufacture at 
Yankton, S. Dak., and it gives promise of being a future source of 
cement material in Nebraska and Iowa. 

The physical characters and chemical composition of the Niobrara 
limestone are fully described on pages 257-258. It is of peculiar value 
as a Portland cement material, both because of its softness, which 
permits it to be easily crushed and pulverized, and because of its 
general freedom from magnesia and other injurious ingredients. 
Outcrops of the Niobrara, moreover, arc conunonly capped by clays 
of the Pierre shale, which furnish admirable materials for mixing 
with the chalk. 

Portland cement mantifacture has been attempted at only one 
place in North Dakota, and there the Niobrara limestone was found to 
be too low in lime. 

POBTIAND CEMENT RESOITRCES OF OHIO. 
FOBTLAND CBKBHT MATBBIALS. 

The geologic divisions which contain low-magnesia limestones in 
Ohio (see PI. XV) are the following: 

1. "Trenton" lim€8tone(0rdoviciaii). 

2. CincmnAtian limeetonM and ahalw (Ordoviciao). 

3. "Clintou" limeeCone (Silurian). 

4. "ComifeiDua" limestone (Devonian). 

5. HaxvUle limestone (Misaiesippiai)). 

6. PennsylvKnian ("Coal Measures") linteetonee 

7. Quaternary marls. 

"tbenton" LIMEBTONB. 

The "Trenton" limestone consists of shale and pure limestone, 
which outcrop in a narrow strip along Ohio River from the mouth of 
the Little Miami to a mile or two above New Richmond. 

In view of the cheapness of fuel and transportation, the abundance 
and general excellence of material, and the ease with which it may 
be procured, the strips bordering Ohio River from Madison, Ind., to 
Maysville, Ky., seem to offer unusually promising locations for 
Portland cement plants. r- i 



FOBTLAND CBHBNT UATXBIALS OF UNITBD BTATZS. 



CINCIKNATIAN SHALES AMD LIICESTONBB. 

The Cmcuumtian series in this r^on may be separated into thr 
well-marked divisions: The lower division, about 250 feet tJiic 
consists almost entirely of shale; the middle division, 200 to 250 fei 
thick, contains oumerous layers of limeetoDe from 3 feet to 20 fee 
thick; the upper division (Richmond) consists of numerous altai 
nating beds of soft shale end limestone, generally with a heavy be 
of shale at the base and top. 

AtialyMei o/Onbvieian ItmaUmei, Ohio. 
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i. LbnBtoiw In dndmiillHi urlM, Ibncfantcr, Adami C«DDtr. A. Peppil, MWljst BdIL Olib , 
QtaL Sumy Ho. 4, «tli ur., lOOS, p. IW. 
t. LlniMbme Id CluclniuUiaa Mila, Camdaa, Pnble Cocmtr. Idtm. 

A long series of analyses of limestones from the Cincinnatian series, 
presented by Peppel in a recent report on the limestones of Ohio, 
shows that in few of them is the lime content high enough for use in 
the Portland cement industry. The s'elected analyses presented in 
the above table represent the purer beds of this group and not its 
normal type. 

"ounton" limestonb. 

The "Clinton" limestone, exposed and quarried at many points in 
the southwestern quarter of Ohio, is commonly faiiiy low in magnesia, 
ranging from 80 to 95 per cent in lime carbonate and rarely going 
above the latter limit. Some beds are almost free from magneuum 
carbonate, but others cany as much as 10 per cent. 
Anatyttt qf "Clinton" Umatone, Ohio. 
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OHIO. 801 

"OOBNIFEBOUS" LDCESTONE. 

The "ComiferouB" limeetone, -which correspondB approximately 
to the Onondaga limeBtone of New York, contains heavy beds of 
magnesian limeatonea and smaller amounts of limestones low in 
magnesia. The variation in this respect that may exist in a single 
quury is well shown by the following analyses: 

AiuUj/tet of " Cani/irou*" timtttoite from quarrUt in Ohio. 
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The analyses below represent the low-magnesia beds in this forma- 
tion: 

A7uilsta(^"Cora^erou»" limabnu, Ohio. 
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1. Prlca qoury, ColiimbiiB, rnmUbi Coonty. £. Orton, inal;!!. TwntlMli Ann. R^t U. B. 0«oL 
Somr, pt. S (oDntiiiiMd), UN, p. 411. 

7. Ounrii quarrr, Colmnbua, Fnnklln Cooatf. CbaaM of Clartiaiid RoUlnc Will, ualyit. Twai- 
(kth Ann. K«pt. u. B. OnL Bumj, pt. (coutlotud), UN, p. 482. 

a,4. LUlaT'i qoarrr, Csliimbiii, tnnUtn Count;. N. w.^drd, wuItM. OnL BQrray Ohio, rd. ^ 

1, 0. SUte qaairy, CdumbiB, FnnUtn Countr. C C. Honrd, uMlrrt. Onl. Somr Ohio, nL 1| 
m,^ «17,eiS. 

8. mt( qMrrr, ColombiB, FraoUln Conotj. C. L. Utn, KoHjat. Idon, p. M. 

1,10. OwMiiUttei, Marion CmmtT. N, W. Lord,anilrBt. Oeol. Bmny Ohio, voL ^ 1888, p. 7W. 
U. K(Uer4U»<«>X>llV*l*lud' N. W. Lord, Hnlfil. Tdem,p.T«. 

HAXTILLE ("lover CABBONIFEBOUB") LIMESTONE. 

The coal fields of Ohio are encircled by a belt of Mississippian rocks, 
which include a prominent limestone formation — the Maxrille time- 
stone. Most of this limestone is low in magnesia and fairly high in 
lime, generally ranging from 80 to 90 per cent in lime carbonate, 
as shown by the following analyses: 
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PORTLAND CEMENT MATEBIALS OF VVITED STATES. 
Analj/tet of JfuxvtUe liTneittme, Ohio. 
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1. aienlDrd, Perry Connty. 

i. WliM)iui''anisce.HovtfiigCoaDtT. 

^ 4, fi. Webb Sammlt. 

The untyna ire taken bum Rapt. Oeol. Surrey Oblo, voL 3, 1878, p. 934. 

FENNSTLTANIAN ("OOAL MEA8UBEB ") LIMESTONES. 

Limestone beds occur at intervals throughout the PennsylraniaD 
series in Ohio as in the sdjoinii^ area of Pennsylyania. Mpst of these 
limestones are of only local importaace and require no description 
here. One limestone, however — the Vanport ("Ferriferous") lime- 
stone member of the Allegheny formation — now furnishes cement 
material to four Portland cement plants in Ohio and to one just 
across the border in Pennsylvania. It varies in thickness from S to 
16 feet or more. It is everywhere low in magnesia and generally 
carries from 80 to 90 per cent of lime carbonate. The following 
analyses represent its composition: 



ii«(^ib;)i 



I uid Iron oxide ( PeiOi) 



' Alumliu, 1.S3; Iron oxide, Jt. 

leth Ann. Sept. U.S. Oeol. 81UTe7.pt. ((ooaUnued), ia», p. <tt 
uuuiuu, ua-rBovevjuut,}. k. W. Lord, iUBlyM. Oeol. Sumy Onlo, vol. fi, 1884, p. 1100. 
^, *. IronloDilAineDiie County. C. D. Qulok, uialTBt. 
t. LomllTllle.UBlianlDg County. N. W. Lord, enslyat. Oeol. Surrer Ohio, toI. S. ISBt, p. 1109. 
a. Hidmcs County. Idem. 
7,8,8. Star Funuue, iKkson County. T.O. WarTiilBy,uia]yn. Rept. OeoL Sntrvy Ohio In 18n, 1S71, 

10. Tens Hcdlow. W. &. TrueblDDd, enslyrt. 

qUATEBNABT HASL8. 

Marl deposits occur in several paris of Ohio but apparently not so 
oxtensively as in Indiana and Michigan. At present three plants 
are using marl as a Portland cement material. 

POBTI.ANI> CBICBNT INDITSTBT OF OHIO. 

In 1911 Ohio ranked twelfth among the States as a producer of 
Portland cement, its output in that year amounting to 1,451,852 
barrels. This total output was the result of the operations of five 
plants. Three of these, in eastern and southern Ohio, used the 
Vanport ("Ferriferous") limestone with shale, also of Pennsylvanian 
age, in their raw mixture. The other two plants, situated in central 
and northwestern Ohio, used a mixture of marl and clay. 



The Ohio plants using limestone are the Diamond Portland Cement 
Co. at Middle Branch, the Ironton Portland Cement Co. at Ironton, 
and the Superior Portland Cement Co. at Superior. The Alma Port- 
land Cement Co. at Wellston, the Lehigh Portland Cement Co. at 
Wellston, and the York Portland Cement Co. at Portsmouth also use 
limestone and shale of Pennsylranian age, but did not operate in 
1910. The plants using marl and clay in 1910 were the Sandusky 
Portland Cement Co. at Baybridge and the Castalia Portland Cement 
Co. at Caatalia, 

Analytet of limeitoTieg and ihalet vaed in Ohio. 
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The plant of the Sandusky Portland Cement Co. formerly ran 
entirety on a mixture of marl and clay but at a later date began using 
limestone in part. This change was due to the impending exhaustion 
of its marl deposit, and it is probable that the plant can not much 
loiter be included among the marl-using group. 

Analgttt ofmatU and day* vud in OtA>, 
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POBTIuUn) CEMENT RESOTTBCES OF OKIiAHOBCA. 

POBTLANS CXICBHT 1CATBBIAI.8.' 

Limestones of several different ages occur in Oklahoma, ajxd most 
of them are probably suitable for cemeot materials. "So complete 
analyses are, however, available so far as the undeveloped limestone 
beds of the State are concerned. (See PI. XVI.) 

OAMBEUN, ORDOVICIAy, 8ILUKIAN, AND DBVONLAN LDfBSTONZS. 

A large part of the Arbuckle Mountains and of the Qorthem foot- 
hills of the Wichita Mountains is composed of a great section of Cam- 
brian, Ordovician, and SiluriaQ limestones' nearly 8,000 feet thick, 
containing three distinct limestone formations, separated by deports 
chiefly of shaie. 



The lowest limestone formation, the Arbuckle limestone, consists of 
limestone and dolomite of Cambrian and Ordovician age 4,000 to 
6,000 feet thick. Samples from the lower part and from the top 
downward for 600 or 700 feet showed a very small percentage of 
magnesia. Beds 2,500 feet below the top contain a small amount of 
magnesia. Probably 2,000 feet of massive beds in the central part 
of the formation are dolomitic; a sample from approximately the 
middle of the formation yielded 29.4 per cent lime and 19.2 per cent 
ma^esia, showing it to be nearly normal dolomite. A sample from 
the lower part of this dolomitic zone showed 33.1 per cent lime and 
14.3 per cent magnesia. 

The Arbuckle limestone outcrops over more than three-fourths of 
the surface of the central part of the Arbuckle Mountain district, 
inclosing pre-Comhrian granite and granite porphyiy. Almost all 
the limestones of the Wichita Mountains belong to this formation, 
which is line textured and generally hard. 

VIOLA UMMTOaS. 

An Ordovician limestone, 500 to 700 feet thick, known as the Viola 
limestone, outcrops in a belt in the border of the Arbuckle Mountuns 
and in small areas in the central part. It makes three small hills near 
Rainy Mountain Mission, in the Wichita Mountains. Chemical testa 
from this limestone in the Arbuckle Mountains show it to contain 

> Biai. U. S. 0«d. Survey No. 343, vblob ma; b« K^TdMl u u nrUv edKlDD of ttu pnatnt npol, (W- 
tilnad & paper b; J. A. TaffoDtliBPoniuidcamcatnsaaneior JiidiuiT(nltor7. AstlilspqMrpnwili 
the bmM daftuttc imiw\tig» ytt obtttnabla rai the niblact. It ii nvrodmcd h(n with ml; & fiw nrtal 
ohtfieo.— E. C. E. 

SiniM tlia aboTa nots wh wilttaii ■ nport m FortlAad oemBnt nutaiUi In Oklihoms hu beeo pob' 
Ikhad by the OU&homi Oeolosim Sorvey, u noted In the blbUognphy on page M.— E. F. B. 

> Thtae UmaUmta ue docilbed hi detail tn the Aloka and TWiomhiio CoUca No. It (IMSJ ud H (nOn. 
OecLAtluir.a. AlKtnOeolofyofttaaArtwiUgudWMiUaiMulltiUui Pl«I.FwaITJ.B.a«1.8o^ 
v«tN(>,S1,1»W. ' 
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Teiy Kttle magneraa. It is fine textured and generally hard and coor 
t&ins local deposits of chert. 

■TLTAK SKUA 

A deposit of greenish clay shale 50 to 300 feet in thickness, lying 
above the Tiola limestone, is known as the Sylvan shale. It out- 
crops in narrow belts and has a wide distribution in the Arbuckle 
Mountains, but in the Wichita Mountains both it and the "Hunton 
limestone" are concealed by Permian deposits. 



Separated from the Viola limestone by about 150 to 300 feet of clay 
shale (Sylvan shale) are limestones of Silurian and Devonian ^e 
having an average thickness of about 200 feet. These limestones 
vary in physical character and in compoation throughout the section. 
A massive white bed at the base is in some places almost pure lime- 
stone and in others is in lai^ part silici£ed. In the central part 
beds of clay and marl are interstratified with the limestone. Samples 
of limestone from the lower part of these beds contain a small amoimt 
of magnesia. Toward the top the limestone is white to light yellow 
and becomes more massive. Some of the layers near the top, how- 
ever, contain local segregations of chert. In older reports ' these 
limestones are mapped together as the "Hunton limestone." Like 
the "V^ola limestone, they outcrop around the borders of Arbuckle 
Mountains in e narrow belt, be«des occurring in many small areas 
in the central part. 

CABBONIFEBOUB LIMESTONES. 

In northern Oklahoma a few belts of Carboniferous limestones 
appear as continuations of the areas which are so important in 
Kansas. These limestones thin out and disappear to the south, 
however, and are probably of workable thickness only as far south 
as Cherokee County. Other formations of middle Carboniferous age 
occur in the eastern part of the State and extend into Arkansas north 
of the Boston Mountains. These limestones are thin bedded and 
are associated with blue to black clay shales. Analyses of some of 
the beds from their eastern extension in Arkansas show only a trace 
or a fraction of a per cent of magnesia. 

In central Choctaw Nation and along the southern edge of the coal 
field is a long lentil of Carboniferous limestone of ihe same f^ and 
character as the limestones in eastern Cherokee Nation. In the cen- 
tral part of the exposure many of the beds are mas^ve and the forma- 
tion attains a thickness of nearly 300 feet. The eastern end of these 
exposures extends nearly to the Arkansas line on the north flank of 
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th« Ouachita Mountains, and their west end is against the Arbuckle 
Mountains. In physical characters this limestone is essentially the 
same in quality as the limestones in eastern Oklahoma and nortliOTn 
Arkansas. 

ORETAOBOU8 LmESTONBS. 

Cretaceous limestones occur in the southern part of the State, 
in several distinct fonoations associated with the limy clays. These 
limestones are mostly soft, thin bedded, and of various shades, rang- 
ing from light blue through cream to white. The lowest limestone 
bed is, however, massive, white, and generally homogeneoiis. These 
formations continue southward in unbroken exposures from Red 
Biver and, judged by analyses of very similar beds in Texas, are 
probably low in magnesia. 

POBTIiAND OBHBIIT INDTTSTBT IN OELAHOKA. 

By E. F. BuRCBARD. 

The fact that the limestone formations worked so extensively for 
cement material in southeast Kansas are abo found in Oklahoma 
naturally affected the development of the Portland cement Industiy 
of the latter State. Practically all Oklahoma cement manufacturers 
and promoters have directed their attention toward the use of Ca> 
boniferous limestones similar to those used in the lola-Independence 
district of Kansas. 

In 1911 Portland cement was produced by two plants in eastern 
Oklahoma — that of theOkl ahoma Portland CementCo. at Ada and that 
of the Dewey Portland Cement Co. at Dewey. At the Dewey plant 
limestone of Fennsylvanian age is quarried 1} miles east of the plant, 
mixed with shale from the same formation and with a small quantity 
of Quaternary clay. Natural gas is used both for power purposes and 
for burning the clinker. The Oklahoma Portland Cement Co. obtains 
its shale and limestone from a quarry 6 miles distant. Both materials 
are of Carboniferous age. CotA is used as fuel, but it is reported that 
it is to be supplanted by oil in the near future. A third plant is 
reported as being constructed at Hartshome by the Choctaw Port^ 
land Cement Co. The rock to be utilized is of Carboniferous age, and 
a shale that underUes the limestone. Coal will be used aa fuel. 

BiBuoaBApar. 

Gould, C. N., and othera, Prelitnioary report on the Btructuisl mateil&lB of Okli- 
homa: BuU. OU&boma Geol. Survey No. 5, 1911, 182 pages. 
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PORTIiAND CEMENT HESOITRCES OF OREGON.' 
FOBTLAim OBKBHT HATBRtAIiS. 

Little work has been done by the Survey on any of the nonmetal- 
liferous mineral resources of Oregon except coal. In consequence, 
the data presented below on the ilistribution and composition of the 
limestones of the State are too scanty to be satisfactory. It is prob- 
able that workable limestone deposits other than those described 
below exist in many parts of the State. So far as known, however, 
the more important deposits of Oregon occur in two widely separated 
districts — the southwestern and the northeastern. 

80UTHWB8TEBK OBEOON. 

The limestones of southwestern Oregon are well developed at 
several places in Jackson and Josephine counties, where they have 
been used to a considerable extent for lime burning and flux. These 
limestones are generally of uncertain age — some are Devonian, others 
most likely Carboniferous, and a few certainly Cretaceous. They 
occur as a series of lenses of greater or lesser size in the partly altered 
rocks of the district. 

Several such bodies outcrop in the neighborhood of Rock Point, or 
Rogue River, in Jackson County, where they have been extensively 
exploited. A small quantity has been burned locally into lime, some 
has been shipped to the Portland lead smelters as flux, and a larger 
amount has been shipped to Portland and burned there into lime. 
Stone for building purposes has also been derived from this series of 
limestone beds. 

An analysis of limestone from Rock Point, made by J. S. Phillips, 
follows : 

ATtalyrit of limtxUme/rom Rori Poinl. Oreg. 

Silica (SiO,) 3.1 

Iron oxide (Fe,0,) 2.2 

Lime cwbonate (CaCO,) 88. 4 

HAgnedum c&rbonale (UgCO,) 6.3 

The belt of limestone lenses extends southwest from Rock Point, 
outcropping conspicuously on tributaries of Applegate Creek, espe- 
cially Steamboat and Williams creeks, where the massive limestone 
contains celebrated caverns. Similar bodies occur on Sucker Creek, 
southeast of Waldo, near the California line. Their distribution is 
extremely irregular, owing to the predominance of igneous rocks. 
Very large deposits are said to occur near the California line, on Wil- 
liams Creek, in the extreme southeastern comer of Josephine County. 

< For part ol tlu data han given In ngard to Onson Umnlona the writer 1« Indebted to Harb«rt Long, 
rbensoonmoltJuStateofOreeon.' Btate Board al AgrlmltuiB, 1889, pp. SS-^. I. B. DUln has abo aided 
matly by (xmlilbutliig data on tbe chancier and distrlbutloD ofthelimeBtoiiaiotacKilIiwateni Ottffia. 
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Near Rosebui^, Douglas County, 4 mUes from the Southern Pacific 
Railroad, deposits of Umestone and shale have recently been investi- 
gated by prirate parties and the data noted below placed at the dis- 
posal of the Surrey, The limestone is a dark-gray finegrained dense 
rock, cut by many seams of calcite. The shale is a very hard dark- 
gray material and is also cut by fine seams of calcite. 

The raw materials are reported to be ample in quantity and of 
uniform composition. Coal and water power are also said to be not 
far distant, and the topc^aphy is favorable to the construction of a 
reservoir for collecting surface water from the surrounding hills. 
The following analyses, t^ W. Michaelis, jr., of the raw materials and 
of the clinker and ground cement are representative: 



Analyttt o/eement maUriaU and umerU from DovgUu County, Oreg. 






\^ \ auiB. 


CUnks. 


Cmat. 




'1 


14. »6 

in 

3. IS 
4.08 


23.70 

S:i 

S6.W 
I.Zt 


























M 













The composition of the Umestone and shale indicates that they 
should be mixed in the proportions of approximately 400 pounds of 
the former to 100 pounds of the latter. The raw materials were 
ground and burned to a clinker in an experimental rotary kiln, and the 
clinker was ground to such a fineness that 05 per cent passed 100- 
mesh sieve and 85 per cent passed 200-mesh sieve. The initial set 
began after 2 hours and set hard after 4 hours. The following tensile 
strengths were shown by tests made by W. Michaelis, jr. : 

Ttnnlt ttrength, i 
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An impure Umestone ' having nearly the compo^tion of a cement 
rock underUes a narrow area of perhaps 100 acrea about a mile from 

B., Bapcrt on aemuit impertles ol Purtluiil Cemtut Co., ItW, privaUly pobtisbsl 



Uarquam, Clackamas County. The rock considered to be workable 
ranges from 10 to 25 feet thick. The locality is about 6 miles from 
the Southern Pacific Kailroad. 



Analyta of "eement roet" n 
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Near Dallas,' Polk County, 3.5 miles from the Southern Pacific 
Railroad, is a small deposit of siliceous limestone overlying basalt. 
The deposit is lenticular, has been drilled to depths of 20 to 80 feet, 
and is 1,000 to 1,500 feet wide. Chemical analysis show that it car- 
ries 15 to 33 per cent of silica, 4 to 11 per cent of iron oxide, 5 to 8 per 
cent of alumina, 36 to 72 per cent of carbonate of lime, and 2.25 to 9.5 
per cent of carbonate of magnesia. This rock could be used for Port- 
land-cement manufacture only by mixing it with a high-calcium stone 
such as that from Roseburg. 

Sonth of Rufus,' Sherman Coonty, on the left bank of Columbia 
River, 113 miles above Portland, is a deposit composed of thin lime- 
stone lenses, a foot or two thick, alternating with layers of volcanic 
ash. The limestone is reported to resemble travertine in physical 
character. A mixture of the limestone and ash would require the 
addition of pure limestone in order to produce Portland cement. The 
following analyses are of interest: 
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' Kotiywa 1 and 2an o[ UmeMow, 3 mA 4 ire of volcaiilc ssb, Mid S li 
Kb. Analyni)llMld3,R.a.EdwBrds:oI2,4,ai>dG,S.K.Heade. 

NORTBBASTBBN ORBOON. 

Of the limestone deposits of northeastern Oregon the largest and 
most accessible seems to be on Burnt River, about 3 miles above 
Huntington, Baker County. The limestone beds at this point are 

I Unda, B. K., Raport m fCDpartlM or Partlud C«iiuat Co., mi, prlTit*^ poUIAHt. 
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associated with ehsles, and the entire series is upturned 1 
steep dip. The river has cut through the beds, exposing a til 
of about 100 feet of limestone. This stone is remarkably pif 
lying generally less than 1 per cent of sihca, alumina, and ire 
Its quality, quantity, and proximity to the railroad and to I 
of shale beds make it worth considering as a possible source o 
land cement material. 

The same series of beds outcrop in the hills to the southwJ 
northeast and continue into Idaho, where they form im^ 
deposits. Lai^e limeki^ are now in operation at several i 
the line of outorop. 

Limestone deposits of considerable size occur in other j 
Baker County, the most important at present being < 
worked for lime about 14 miles from Baker City. Other dd 
occur in Grant County, and very thick and extensiTe beds ( 
hmestone are said to cover much of Union County, In WJ 
County deposits of marbles occur, which may be of service for o 

POATIiAND QKMBNT OIDVffrKY EN OBBGOH. 

By E. F. BuBCHABD. 

Although no Portland cement plant is yet in operation in ( 
the prospects se«ai good for the establishment of this induE 
the near future. Early in 1 91 2 it was reported that construction 4 
on a plant at Oswego, near Portland, was in progress, lliia plant! 
use limestone from the vicinity of Koseburg and cement rock f 
near Marquam, or siliceous limestone from near Dallas, or poaa 
limestone and volcanic ash from Rufus with limestone from BoseM 

PORTIAND CEMENT BE80UBCES OP FENNSYLVA 
POSTLAND CBKENT HATBBIALS. 
State Kt Ikr^. 
Several limratones suitable for use as Portland cement i 
rials occur in Pennsylvania, but only one group has as yet 1 
extensively used. For desmption these limestones may be < 
veniently grouped as : *^ 

1. Ordovician limeetonee (Shenandoah group). ^ 

2. Lewistown limestone (Helderberg and Cayuga); Silurian and DeviKuaa. 

3. Carboj^teToue limeetonee. J 

OSDOVICUN LIMESTONES. \ 

The Ordovician limestones, which furnish the well-known 
"cement rock" of the Lehigh district, occur in varying development 
in the counties of Northampton, Lehigh, Berks, Lebanon, Dauphin, ' 
Cumberland, Franklin, Ltmcaster, Center, and Blair and to a much 
less extent in several other counties of southeastern Pwinsylvama. j 
(See PI. XVn.) They belong to the Shenandoah group. Through- ; 
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out eaatem Pennsylvania they are underlain by a highly magneaian 
limestone and overlain by a thick series of shales and slates (Mar- 
tinsburg shale). (See also pp. 314-317.) 

These limestones, wherever they may occur, are almost invariably 
within the allowable limit in magnesia and are therefore on excellent 
Portland cement material. In places thear value as a cemeoit mate- 
rial is increased by the presence of a high percentage of clayey matter, 
as ia well shown in the "cement rock" of the Leh^h district. 

The followii^ table of analyses shows the composition of samples 
of these limestones from localities in Pennsylvania.' No analyses 
from the Lehigh district are given in this table aa this district is 
discussed in considerable detail on pages 314-317. 
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1. UoUQt EQu FnniBce, fiUlr Countf. 

2. aodmaii Fnmaoe, Blair Coiml;. 
3,4. TyniDe.BUlrCoanty. 

5,e,T. 8bartlldeeqiiBrrT,B*lleIi»t<,C«iler County. 
8. CuDpbeU quicrr, Qtar BeUalODtc, Cealer CoudIv. 
0, IOl R-aOtHata qaanr, nrar BtitStbarg. Dauphin Countr. 

11. Cumbia quury, near Banfabaig, Dauphin County. 

12. Civtebead quny, Ifonnt HoUy, CDmberiaDd County. 

13. UoU AHo, Franklin County. 
U. WlUlBDMn, Franklin County. 
15. EaoiAa Gap, Cllului Coan^. 

LBWISTOWN LIMESTONE (heLDBBBEBO AND OATUOA). 

The Lewistown limestone outcrops in central Pennsylvania and 
the Helderbei^ limestone in eastern Pennsylvania in a series of 
narrow bands whose distribution is too complicated to be readily 
described. (See PI. XIX, p. 350.) 'Oie following analyses' show its 
composition : 

AmdDta ofLewittwn and Sdderbtrg limeatonet, Pamsylvan,^. 
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1, 3, 3. Baker quarry, Altoona, Blair County. 

4. CrHnnllqnaiTy,HolUdayaburg, Blair County. 

B. HannlngquarTy.BolUdayAins, Blab-Coon^. 

0. Laapqaan7,BolUdayBbiDf,BlairCounty. 

T. Sarah Furnace, Blalrtoun^. 

3,3,10. Hndaon gnarry, Three BpHnga.BunUiicdan County. 

11,12. UcCarthy quarry. SaltUlo, HiintlngdonCoiurty. 

II. Itney Sbora, Lyoomlug County. 



i8^w_)gle 



3. HcCreatb, analyst: Repls. HI, H3, 113, Secrad OeoL Surrey 
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An^ttt ofLemtlovm and Htldahtrg limetbtnei, Ptnntnlviaaa — CoDtinued. 
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t,lE. BtlU quBiT7,3iiillaiKTtlMut[>fU(Bit<belloNaninirs, Perry Coontf. 
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IS-21. VaD Ankan QoaiTy, lllddl* SmIutDald Tnwiublii, Houroe Ci 
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Eiperinu 
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A deposit of limestone near Kings Rock, on Susquehanna River, 
in Lyconung County, belonging to this series is described by Uriah 
Cummings,' who states that a natural cement of the following com- 
[wsition had been made from this rock: 

Analjftu o/natural emtnt, Kingi Roek, Pa. 

Silica (SiOj) 28.14 

Alumina (AljO,) 9.10 

PenoiiB oxide <FeO) 3. 20 

Lime{CaO) 63.34 

Mignesia (UgO) 1.00 

Alkaliea (K,0, Na,0} 2.80 

Waterandlow 2.42 

Such an analysis of a natural cement would imply that tiie rock 
from which it was made was closely similar in composition to the 
cement rock of the Lehigh district and tiiat the addition of 10 per cent 
or so of pure limestone would give a good Portland cement. 

CABBONIFEBOU8 LIHE8TONE8. 
Noma aitd ttratigrajAie potiHont of CarboniferouM limttlonei, Permtylvaiua. 
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Name* and ttmtigrapkie poitixon* of Carbonifertrut liTRtttona, PtivMnlvania — Contd. 
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The foUowiog table* of analyses shows the compoaition of the 
Carboniferous limestoDes: 
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mtron* County. 



4. KariKildi qiuiry, near KI(Uuuiin«, Aimatnme Couaty. 

5. 0«ciie qit>n7, iwu' BouUi Bend, Aimirtioiig County. 

S, Rbea qnury, near Oreendsle, AmutioDg County. 

T n—M . — _>. —^ BnMo lulls, Annstrong Coiujty. 

er TownHilp, CbrloD Coimy. 

. ,— y, Owlon iWniUp, GluioD County. 

Ol 811joFiini»oe,F' — "" "■'- '*--'—" — — 

_1. Buga quMiy, I 

12. Bnvalrd quany, m . ^, 

13. Haima quarry, ueu Sinnkle* UlUa, JetlemD County. 

14. Knty quarry, near Worthyllle, Jeffenon County. 
" EhMdBquarry,near DovUngrlDe, lelTeraoa County. 

"" ' ^Djrty, Dew Beneiette, Elk County. 



7. Ottll aaaRTi near B 

8. Lone Ran, FortdrTownalilp, C 

9. wtnamm qutitv. Oailaii iWoiUp, GluioD Comt' 

~~ ~" imaoe, Finey Toiroshlp, ClsrioD CoQDty. 
luany, Petiy Townahlp, Clarion County. 



le. Wtndow noperty. Deal Beoeiette, Elk C 
17. Toby OeA, rax Township, Elk County. 
13. Braady Camp post offlWi^MoD Townel 



Township, Elk County. 



22. KcCoTd quairy, Hoant lal^Mn, L«wi«nM County. 

23. Johnson quairy, NrwcaaUe, Lavrmoe County. 

24. Uofflt qawry, CroUm, I«wnDae Ooaiity. 

25. Simpson guany, Richmond, Indiana County. 
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30. TyiBit'iqUBiTy,DearVanpgH,BeaTet County, 



B. tloCieath, analyst; Repts. 11, 112, k 
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Lebigh District. 

The following description of the cement-rock deposits and cement 
industry in the Lehigh district is based largely upon field work 
by the writer during the early summer of 1903. Acknowledg- 
ments are due to the managers and chenusts of cement plants in the 
Lehigh district, who have aided the writer greatly in this work. 
Use has also been made of the report by H. B. KOmmel * on the Port- 
land cement industry in New Jersey and the report by T. N. Dale' 
on the geology of the Slatington quadrangle. 

LOCATION AND ABBA. 

The "Lehigh district" of the engineer and cement manufacturer 
has been so greatly extended in recent years that the name is now 
hardly appUcable. Originally it included merely one small area 
about 4 miles square, located along Lehigh River, partly in Lehigh 
County and partly in Northampton County, containing the villages 
of Egypt, Coplay, Northampton, Whitehall, and Siegfried. The ce- 
ment planta which were located here at an early date secured control 
of most of the cement-rock deposits in the vicinity, and plants of 
later establishment have therefore been forced to locate farther and 
farther away from the original center of the district. At present the 
district includes parts of Berks, Lehigh, and Northampton counties, 
Pa., and Warren County, N. J., reaching from near Reading, Fa., at 
the southwest, to a few miles north of Stewartaville, N. J., at the 
northeast. It forms, therefore, an oblong area about 25 miles long 
from southwest to northeast and about 4 miles wide. Within this 
area 23 Portland cement plants are now in operation, and the Port- 
land cement produced in this relatively small district amounts to 
about one-third the entire United States output. 

GEOLOOr. 

Within the "Lehigh district," as above de&ied, three geologic 
divisions occur, all of which must be considered io attempting to 
account for the distribution of the cement materials us^ there. 
These divisions named in descending order, are (1) Martinsburg shale; 
(2) Ordovician limestones, Shenandoah group, the cement rock of 
the district; (3) magnesias limestone of Ordovician and Cambrian 
^e. As all these rocks dip, in general, northwestward, the Martins- 
burg shale occupies the northwestern portion of the district, and the 
cement rock and magnesian limestone outcrop in succession farther 
southeast. 



Underneath the cement rock lies a very thick series of light-gray 
to light-blue massive-bedded limestones, contaming numerous beds 
of chert. These limestones are predominantly highly magnesiBii> 

1 Ann. Kept, Nbw Imaj StaU OMlnglit lor WOO, 1901, pp. »-HU. 

' Slate depotts uid itau Induitr? of the United Btatac Bull. U. S. OeoL Ba^jir Npjpj[l«IB,ppi7**S' 
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though some beds of pure nonniagnesiaii limestone are found in the 
seriea. The magneeian beds are, of course, valueless for Portland 
cement manufacture, but the pure limestone beds furnish part of 
the limestone used in the Lehigh district for addition to the cement 
rock. An exf^eUent example of this is furnished by the quany near 
the east bank of Lehigh River, just above Catasauqua. In thia 
quarry most of the beds are higlkly magnesian and are therefore 
useful only for road, metal and flux, but a few pure limestone beds 
occur, and the material from these low-magnesia beds is shipped to a 
oeighboring cement "'ill, 

Numerous analyses of the highly magnesian limestones are avail- 
able, and a few tjrpical ones have been selected for insertion here. 
For analyses of the purer limestone used to add to the cement rock, 
see page 318. 

Anab/iet ofntagm»an linusUmetfrom the Lthigh dittrict. 
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1. Chaudlen Island, Stuaax County, M. ] 

2. BparU, Bunex County, N. I. 

3. Aabury, Wunm County, N. I. 
i. Oxford Fumacv, Sunex County, N. J. 

All the above analyses are from New Jersey locahties, but analyses 
of magnesian limestones of the rest of the Lehigh district give closely 
similar results. 

OBDOVICIUI I 



The Ordovician cement rocks are more or less ai^illaceous lime- 
stones. They vary in thickness from 150 feet in Kew Jersey to 250 
feet or even more at Nazareth and on Lehigh River. The upper 
beds, near the contact with the overlying Martinsbui^ shale, are very 
shalj or slaty black limestones, c&nying approximately 50 to 60 per 
cent of lime carbonate and 40 to 50 per cent of silica, alumina, iron, 
and BO forth. Lower down the percentage of lime steadily increases, 
and that of clay decreases correspondingly, until near the base of 
the limestones the rock may carry from 85 to 95 per cent of lime 
carbonate and only 5 to 15 per cent of impurities. This change in 
chemical composition is accompanied by a change in the appearance 
and physical character of the rock, which loses its slaty fracture and 
blackish color as it gains in lime, until near tiie base of the series 
it is in many places a fairly massively bedded dark-^;ray limestone. 
Even so, it can generally be readily distinguished from the under- 
lying magnesian limestone described below, for it is everywhere 
darker, and it nowhere contains the chert beds that are so common 
in the magnesian rock. <0<^lc 
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The cement rock is nowhere nearly so high in magnesia as is ihe 
underlying limestone. It does, howeTer, carry considerable mag- 
nesia (as compared with other Portland cement materials) throughout 
its thickness, few analyses showing less than 4 to 6 per cent.- The 
following analyses ' are fairly representative of the lower, middle, sdcI 
upper beds of the series. The specimens from the upper beds, near 
the Martinsburg shaJe, show considerably less lime and more clayey 
matter than tliose from the lower parts. 

AiialyK* o/Ordomeitm HmsHtmu (ceme/tt ToA)fT<mt the Lehigh dUtriel. 
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The specimens whose analyses are g^ven above were mostly from 
the vicinity of Belvidere, N. J., and though representative in other 
respects seem to have been rather lower in magnesia than the nm of 
the limestone in the Lehigh district. 



The Martinsbuig formation includes very thick beds of dark-gray 
to black shales, with local thin beds of sandstone. In certain local- 
ities, as near Slatington and Bangor, Fa., and Newton, N. J., these 
shales have been so altered by pressure as to become slates, the 
quarrying of which now supports a large roofing-elate industry. 

The geographic distribution of these shales and slates in the Lehigh 
district can be indicated only approximately without the presenta- 
tion of a geologic map of the area. They may be said to cover practi- 
cally all of Northampton, Lehigh, and Berks counties north of a line 
passing through Martins Creek, Nazareth, Bath, Whitehall, IrontoHj 
Guthsville, Monterey, Kutztown, MoUtown, and Leesport. 

The composition of the typical shales and slates of tJie upper part 
of the formation is well shown by the following analyses: 

Ana^aa of gfiala and tlala in upper part of Martinthwg shale in the Lehigh dietrid. 
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Afl above noted, the rocka of the Lehigh district dip generally 
northwest, though there are numerous local exceptions to this rule. 
The lowest beds of the Martinsburg shale, therefore, outcrop along 
the southern boundary of the formatioD, as above outlined. These 
lowest beds carry much more lime and less silica, alumina, and iron 
than the higher beds, whose analyses are given above. They become 
more calcareous and form a natural transition into the underlying 
cement rock or Ordovician limestones. 

POB<n.AirD OBKBHT UmUBfTRY IN PBNNSTLVAinA. 

OEKEBAL FEATUBES. 

The State of Pennsylvania is by far the largest producer of Portland 
cement in the country, its output during 1911 having amoimted to 
26,864,679 barrels, more than one-third of the entire production of 
Portland cement in the United States. Until very recently Penn- 
sylvania produced considerably over one-half of the entire annual 
output of the United States, but owing to the more rapid growth 
in other States this lead has been slowly lost. 

Of the Pennsylvania total in 1911, 25,972,108 barrels came from 
the Lehigh district. Of the 25 plants reported by the Geological 
Survey as operating in Pennsylvania during 1911, 21 were located 
in this district. The following list of the Portland cement plants 
of the State will serve to show the manner in which the industry- 
has become localized. The Ijehigh district plants are named first, 
after which the plants elsewhere in the State are noted. In the list 
are included a few plants which were inactive in 1911, but which 
are expected to resume operations. 

Lehigh district: 

Alleatown PortlsiDd Cement Co., 
Evansville. 

Alpha Portland Cement Co., Martinn 
Creek. 

American Cement Co., Egypt and 
Lesley. 

Atlas Portland Cement Co., Northamp- 
ton and Coplay. 

Bath Portland Cement Co., Bath. 

Blanc Stainlew Cement Co., Allea- 

Bonneville Portland Cement Co., Sieg- 
fried. 

Central Cement Co., Egypt. 

Coplay Cement Ufg. Co., Coplay. 

Dexter Portland Cement Co., Naiareth, 

lawrence Portland Cement Co., Sieg- 
fried, 

Lehi^ Portland Cement Co., Ormrod, 
West Coplay and Fogelsville. 

Nazaicth Cement Co., Nazareth. 



L^i^ diitrict — Continued. 

Northampton Portland Cement Co., 
Stockertown. 

Penn-ALen PorOand Cement Co. , Naza- 
reth. 

Pennsylvania Cement Co,, Bath. 

Phoenii Cement Co., Naiareth. 

Reliance Cement Co., Lesley, 

Vindex Portland Cement Co., Moll- 

Whilehall Portland Cement Co., Ce- 

menton. 
Western and southern Pennsylvakia: 
Crescent Portland Cement Co,, Cres- 

centdale, 1 mile south of Wampum. 
Lehigh Portland Cement Co., New- 
New Castle Portland Cement Co,, New- 

Sandusky Portland Cement Co., York. 
Univeraal Portland Cement Co., Uni- 
versal, near Fittebuigh, (.lOOtjIc 
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In describing the Portland cement industry of Pennsylvania, the 
Lehigh district will be first discussed in the detail which its present 
as well as its historic importance warrants, after which the isolated 
plants will be briefly noticed. 

LEHIQH DI8TBI0T. 
XAjnjTAOTVBISa UTSODI. 



In most of the plants of the Lehigh district the practice ia to mix 
with a relatively lai^e amount of the "cement rock" or argillaceous 
limestone a small amount of pure limeetone, in order to bring the 
lime carbonate content up to the percentage proper for a Portland 
cement mixture. As above noted, all the "cement rock" is de- 
rived from the middle of the Ordovician limestone series where the 
beds will run from 60 to 70 per cent of lime carbonate. The pure 
limestone which is required to bring this material up to the necessary 
percentage of lime carbonate (about 75 per cent) is obtained either 
from the lower portion of the cement-rock series or from certain low- 
magnesia beds occurring beneath it. 

In plants located near Bath and Nazareth, however, the practice 
has been slightly different. In this particular area the cement-rock 
quarries generally show rock carrying from 70 to 80 per cent of lime 
carbonate. The milk in this vicinity, therefore, require practically 
no pure limestone, as the quarry rock itself is sufGciently high in lime 
carbonate for the purpose. Indeed, it is at times necessary for these 
plants to add clay or slate instead of limestone to their cement rock 
in order to reduce the lime carbonate to the required proportion. 
In general, however, it may be said that Lehigh practice is to mix a 
low-carbonate cement rock with a relatively smaU amount of pure 
limestone, and analyses of both these materials, as used at various 
plants in the district, are given below. 
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The cement rock is a dark-gray to black slaty limestone, breaking 
with an even fracture into flat pieces, which commonly have smooth 
glistening surfaces. As the percentage of lime carbonate in the rock 
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increases — that is, as the lower beds of the formation are reached — 
the color becomes a somewhat lighter gray, and the surfaces of the 
fragments lose their slaty appearance. 

The range in composition of the cemrait rock as used at different 
plants is well shown in the above table. The nearer the material 
from any given quarry or part of a quarry approaches the proper 
Portland cement composition (say 75 to 77 per cent of lime carbonate) 
the less addition of pure limestone will be necessary. In by far the 
greater part of the district, as above noted, the cement rock is apt 
to run about 65 to 70 per cent of lime carbonate, therefore requiring 
the addition of a proportionate amount of limestone. Most of the 
quarries near Bath and Nazareth, however, have been opened on 
beds of cement rock running considerably higher in lime carbonate, 
some running so high (80 per cent or more) as to require the addition 
of shale or clay rather than of pure limestone. 

The pure limestones that are added to the cement rock are com- 
monly gray and break into rather cubical fragments. The fracture 
surfaces show a finely granular structure, quite distinct in appearance 
from the slaty cement rock. 

In composition the limestones commonly used will carry from 90 
to 96 per cent of lime carbonate, with rather lees magnesium carbonate 
than is found in the cement rock. All the cement plants own and 
operate their own cement-rock quarries, but most of them are com- 
pelled to buy the pure limestone. Only very pure grades of lime- 
stone are purchased, but when a cement plant owns its limestone 
quarry, material running as low as 85 per cent of lime carbonate is 
often used. 

QUABBY PRAfrnCB. 

In most of the cement-rock quarries of the Lehigh district the rock 
dips from 15° to 25°, generally northwest. At a few quarries, 
particularly in New Jersey, the dip is much steeper. The quarries 
are opened, preferably, on a side hill, and the overlying stripping, 
which consiste of soil and weathered rock, is removed by scrapers or 
shoveling. The quarry of the Lawrence Cement Co. has been 
extended in its lower levels so as to give a tunnel through which the 
material is hoisted to the mill. Several other quarries have been 
carried straight down, until now they are narrow and deep pits, from 
which the material is hoisted vertically. The Bonneville Portland 
Cement Co. quarry is an extreme example of this type. 

In quarries opened on a side hill, so as to have a long and rather 
low working face and a floor at the natural ground level, the rock is 
commonly blasted down in benches, sledged to convenient size for 
handling and crushing, and carried by horse carts for some distance 
to cars, which are hauled by cable to the mill. Occasionally the 
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material is loaded at the face into small care running on temporary 
tracks, hauled or pushed to a turntable, whence they are hauled to 
the mill by cable. Though these methods seem clumsy at first sight, 
tihey are capable of little improvement. The amount of rock used 
every day in a large mill necessitates very heavy blasting, and this 
prevents permanent tracks and cableways being laid near the working 
face. 

At several quarries the core or carts are loaded by steam shovels. 
Though the cement rock seems to be well adapted for handling by 
steam shovels, much sledging is necessary, and the blasting operations 
are interfered with. 

xiLL paA.(TncE. 

What may be considered as typical American practice in the manu- 
facture of Portland cement from dry material owes its present suc- 
cess largely to the works of the Lehigh district. Prior to the com- 
mencement of Portland cement manufacture in Pennsylvania, dry 
processes had not been looked upon with favor. The European 
plants then in existence used wet processes exclusively, differing 
only in the amount of water that was used. A dry process can not 
well be used in stationary kilns, whether of dome or chamber type, 
for even if the mixing be done dry it will be necessary to add water 
in making the mixture into bricks. The natural result was that 
these early plants used water very liberally — ahuost as freely as the 
present marl plants of Michigan and with far more excuse for doing 
80. With the introduction of the rotary kiln a dry process became 
not only possible but advisable, and the Lehigh practice of tonlay is 
the result. 

The cemeut rock is crushed and dried, the firet of these operations 
often taking place in the quarry. Lai^e gyratory cnishere are com- 
monly used for this work, while the drying is usually done in rotary 
driers. The necessary amount of limestone, also previously crushed 
and dried, is added, and the two materials are mixed and further 
reduced together. Occasionally a smaller gyratory crusher, breaking 
to about one-half inch, is the next step in the process of reduction. 
Commonly, however, the mixture goes to ball mills, pulverizers or 
Williams mills, and then to tube mills. Some of the plants use Griffin 
mills, and the Atlas plant uses the Huntingdon mill. The raw 
mixture is ground to a fineness usually not exceeding 85 per cent 
through a 100-mesh sieve and often falling much lower. Compared 
with the practice at plants using limestone-clay mixtures, this is 
coarse work. It is less harmful than might be expected, however, 
for most of the mixture is made up of cement rock which ia already 
naturally well mixed. The mixture is usually dampened (to prevent 
too much of it bdng blown out of the kiln) and fed to rotaiy kilns. 
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ORAXAOTBa urn oompoutiov or tkz pkoditot. 
llie analTses given in the foUowing table will serve to show the 
composition of the product of the Lehigh district. Of the 10 analyses 
quoted, those numbered 1 to 8 inclusive 6X6 fairly representative. 
Analyses 9 and 10, on the other hand, carry very low alumina and 
inm oxide and correspondingly high silica. 
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Hie characteristics of the Leh^h district Portland cements are best 
brought out by the following sununaiy of the rai^e and average of 
Uie constituents. In makii^ up the avenge the sihca, alumina, and 
iron oxide contents of analyses 9 and 10 have not been used, and the 
lime percent^e of No. 3 has also been excluded. For comparison, 
9 and 10 have been averaged for the first three constituents, and the 
results are placed in the fourth column. 

Range and average of Portland canent of the Lehigh dUtrict. 





— 


Average. 


UlDlmum. 


SBDdlO. 




23.88 

8. 2a 

2.03 
04^93 

L41 


21.21 

Is 

2.83 


1 

































xxTuraiov ot Tta LxmoH distbiot. 

As noted in the earlier portion of this paper, the cement deposit* 
have been developed from near Beading, Pa., to a few miles from 
Stewartsville, N. J. lAoBt of the readily accessible cement land 
between these points has be^ taken up by the cement companies or 
is being held at impossible prices by the owners. Under these cir- 
cumstuices it seems probable that few additional plants can be profit* 
ably established in the district now developed, and that the growth 
of the industry will be brought about by extendii^ the district. A 
few notes on the distribution of the same cement beds in adjoining 
«8M»— Bull. { 
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areas may therefore be of intereet to those desiring to eng^e in Hoe 
manufacture of Portland cement from materials of the Leh^ district 
type. 

Northeast of StewartsTiUe, N. J., the cement beds outcrop at fre- 
quent intervals in the Kittatinny Valley all the way across New 
Jersey and a few miles into Orange County, N. Y. The exact loca- 
tions of these deposits, with numerous anidysea of the cement rocks, 
have been published^ and mapped very precisely. 

Southwest of Readh^ these cement rocks outcrop in a belt that 
crosses Lebanon, Cumberiand, and Fnmklin counties, Pa., passing 
near the towns of Lebanon, Harrisbuig, Carlisle, and Chambersbuig. 
In Maryland they occur in Washii^ton County, and in West Virginia 
and Virginia th^ axe extensively developed. 

Throughout this southern extension the cement-rock series is not 
everywhere an argillaceous limestone, but it is commonly so and it is 
everywhere very low in magnesium carbonate. It is therefore prob- 
ably safe to say that in seuthem Pennsylvania, Maryland, West 
Virginia, and Virginia the Ordovician limestones of this horizon are 
everywhere good Portland cement materials, though in some places 
they require pure limestone and in other places clay to bring than 
to a proper composition. 

WESTBBN AND SOUTHERN PBNNSTI.VANIA. 

Until recently only two small Portland cement plants were in 
operation in western Pennsylvania. These were the plants of the 
Crescent Portland Cement Co. and the Clinton Iron & Steel Co., 
each of which had historic interest out of proportion to it« manu- 
facturing importance. 

The Portland cement plant of the Clinton Iron & Steel Co., 
located at Pittsburgh, has now been permanently abandoned. It 
owed its interest to the fact that it was the first plant in the United 
States to utihze a mixture of blast-furnace slag and limestone in the 
manufacture of a true Portland cement, having commenced this 
industry several years before it was taken up by the Illinois Steel 
,Co. at Chicago. 

At present four Portland cement plants are in operation in western 
Pennsylvania, operated by the Universal Portland Cement Co., the 
Lehigh Portland Cement Co., the Newcastle Portland Cement Co., 
and the Crescent Portland Cement Co, 

The plant of the Universal Portland Cement Co., at Universal, 
near Fittsbuigh, utilizes a mixture of blast-furnace slag and Ume- 
stone in the manufacture of a true Portland cement. At Newcastle, 
the plants of the Newcastle and Lehigh Portland cement companies 

lAnn. Rgpt. State a«ok«litNew Itntf lot IDOD, 1901, pp. 11-8E. 
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use a mixture of the Oarboniferoua Vanport limestoae member of 
the AH^eny formation and Oarboniferoua shales. 

The Crescent Portland Cement Co., near Wampum, Lawrence 
County, is one of the oldest Portland cement plants in the United 
States, having gone into operation when the Saylors were the only 
operators in the Lehigh district. The material used here is the Van- 
port limestone and a shale overlying th''^ limestone. 



AnaU/Ao/PontrndteiMiUmaimaU. Wampitm.Pa. 
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At York, in soutiiem Pennsylvania, the Sandusky Portland 
Cement Co. operates a small plant for the manufacture of white 
Portland cement. The raw materials utilized are crystalline hme- 
etone and shale low in iron. 

POBTIiAND CEMENT BESOUBCES OF RHODE ISIiANO. 

Few limestone deposits of economic importance occur in Rhode 
Island. At lime Rock, Providence County, quarries have been 
worked, the product being used lai^y or entirely for lime burning. 
Though often referred to as dolomite tJie stone at Lime.Kock is not 
a very highly magnesian rock, as is shown by the following analysis' 
by J. H. Appleton of a specimen from the Harris quarry: 

Analygii of UmetUmefrom Lbn« Bode, R. I. 

8flica(SiOj) 2.748 

Alumina (AJjO,) 309 

Iron oxida (Fe,0,) Oil 

Lime carbonate (CaCO,) ». . . 88. 23 

Magnesiuni carbonate (MgCO,) 8.80 

Hoistuie 04 

This rock carries too much magnesia, however, to permit its use in 
Portland cement manufacture under the present standards, and its 
amount and location with respect to fuel and market are not particu- 
larly advantageous. 

Small beds of limestone occur at other locahties in the State, but 
none of these are of sufficient ext«nt to be wot^hle, whatever may 
be their chemical composition. 

> Twratletli Ann. Rept. U. B. OaoL Bmwj, pt. S (araUuQBd), UBS, p. VO. 
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POBTZiANB CXUKST KB801TRCB8 OF SOtTTH CABOUNA. 

Limestonee occur at many points in South Carolina, but no good 
geologic map of the State is in existence and no recent report concem- 
ing them has been issued. The analyses given below are, with one 
exception, very old, but they will give some idea of the composition 
and location of the limestones. 

The western part of the State contains a number of beds of meta- 
morphosed limestone or marble that seem to be satisfactory in com- 
poffltiOQ, but fuel supply, local markets, and cheap transportation are 
all lacking. 

Analyiei o/ melamorpMe Itnutlofu*, MxtUm South CarolinaA 
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■ AiulyiM by Taome;, Rapt. 0«ola|7 Boatb Cucttna, ISIS, pp. lO-Xi. 
1. Brautawn Cntk, FIckeiu diittlet. 
% Bklnda Rtvw, Lunni diiMct. 
S. Hlchan UmolaCB bvljYoTk. 
*, Lower UmMldDa bad, Tork. 
E. Hirdlnl Unnrtong bed, York. 
A. OaiUnclaii'iqauiTt.l-xm'udlitilot. 
T. ^itni*mr^ Spflnp, BparUDboci. 

In the coastal plain soft limestones of Tertiary age, the so-called 
" marls, " outcrop at many points. Much of these materials would be 
very satisfactory for Portland cement manufacture. 

Arudyie$ q^ Tertiary linutlona, eattem South ConiJtwi.o 



ddeClMi 



luddeCI^iOi).... 
.aiboiut«(CaCI 
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■ Anilyili 1 by Croma and FMk; aoaljtm 3-i b; C. U. OmptA. 

_. _._Uon, Bcrkalaj County. 

1. Blmod pbnutlai, Coopar AlTar. 
S. Dlzcm'i planlatliai. Cooper RlTer. 

4. Ooon Oiwk, U mtlw trom OurieMoD. 

5. Dnrton Ball. 

The analyses given above, though showing well the amount of free 
sand carried by many of these soft Tertiary limestones, hardly repre- 
sent their percentiles of lime carbonate. Much purer beds than these 
are known to occur near Charleston, but no good analyses are avail- 
able. 
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POBTIiAND CEMENT BB80TJBCE8 OF SOtJTH DAKOTA. 

FOBTX4A]n} OEKBNT XATSSUXS. 
The limeatone formations of South Dakota which give any promise 
of supporting a Portland cement industry occur in two different por- 
tions of the State. They are thus separated geographically a^ well as 
geologically into (1) the limestones of the Black Hills district and 
(2) the Niobrara chalk (Upper Cretaceous) of eastern South Dakota.' 

BLACK BILLS. 



Darton Las described the stratigraphy and rocks of the Black HjIIs 
district' as follows: 

The Black Hills uplift is an irregulair dome-shaped anticline, embracing in its more 
obvious leatuiea an oval area 126 miles in length and 60 milee in breadth, with its 
larger dimension lying nearly northwest and southeast. It is situated in a wide area 
of almost horiEontal beds underlying the great east-sloping plain that extends from 
the Rocky Mountains to the Mississippi River. It has brought above the general 
surface level an area of pre.<?ambrian crystalline rocks about which there is upturned 
a nearly complete sequence of the Paleozoic and Heeozoic rocks from Cambrian to 
Laiamie, all dipping away from the central nucleus. There are also extensive over- 
laps of the Tertiary deposits which underlie much of the adjoining plains area. 
Tlie r^;ion is one of exceptionally fine exposures, which afford rare opportunity for 
a study of stratigraphic relations and variations. Many of Hie rocks are hard, and 
the streams flawing out of the central mountain area have cut canyons and gorgee, 
in the walls of which the formations are often extensively exhibited. The structure 
preeeiited locally is that of a monocline dipping toward the plains. The oldest sedi- 
mentary rocks constitute the escarpment facing the cryetalline rock area, and each 
higher stratum passes beneath a newer one in r^ular succession outward toward the 
mar^^ of the uplift. The sedimentary (ramatione consist of a series of thick sheets 
of san^stonee, limestones, and shales, all essentially conformable in structure. The 
overiapping areas of the Tertiary deposits extend across the edges of the older fonna- 
tions. Hie stratigraphy presents many featuree of similarity to the successian of 
rocks in the Rocky Mountains of Colorado and Wyoming, but it possesaee numerous 
distinctive local featuree. 

TLe following is a list of the formations which are exhibited in the 
uplift, with a generalized statement by Darton as to the thickness, 
characteristics, and age: 

Gauralwed nelvm in (Ac BJadi BUU region. 



a. Rflpt. U. S. Geol. Surva;, pt. i, UOl, pli.«ttBt Kq. 
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I^'SA 



Of the formations mentioned in the above table, the limeetones 
above the Whitewood are described by Darton* as follows: 



In the southern Bla^fc Hille th« Dea4wood formatioii is overlain by a seriea of tliin- 
bedded, pale pinkish buff limestonefl. On the suggestion of Hr. Jaggar, it is proposed 
to designatfl this formation the Englewood limestone, from a locality in the northern 
Black Hills where it is extensively exposed. It appears to extend continuously 
around the Black Hills, everywhere immediately underlying the Pahaaapa limestone. 
It averages 20 to 30 feet in thickness and presents frequent outcrope in the lower 
slopes of the limestone escarpment and in nnmerouB canyons. It merges rapidly 
into the overlying limestone, occauonally with a few feet of impure buff limestone 
intervening. It is usually sharply separated from the Deadwood formation, but only 
by a sudden dionge in the nature of the materiak. [In the northern Black Hills it 
la in places separated from the Deadwood sandstonet by the Whitewood limeetono, 
which isof Ordovidan age.] The Englewood limestone is usually fossiliferous, contain- 
ing numerous conla and occamonal shells. The following forms have been reported: 
Fenestella, Orthothetee, Lepttcna, Spirifsr, Choneta logani, Reticulma jimdiaru, 
SyriitgolJnfT-u carteri, and crinoids. 



Tliis prominent member, heretofore known as the giay limestone, has an extenave 
outcrop area in the Black Hflls uplift. It constitutes much of the high wide plBt«au 
west of the central region of crystalline rocks and is most characteristically exhibited 



t Op,elt,,pp. HSBtseq. 
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in the gnat linee of clifia in the inlkcisg Moupment BiuTDunding that ragiou, Ur. 
Jaguar hao suggested Uutt then be applied to it the Dakota Indian name for the 
Black Hills — Fahanpa. The formation coDBiBtfl of a thick deposit of luaaaive gny 
limeshme, umally outcioppiDg in [HecipitouB clifia with numy pictureaque iiregulaii- 
ties of form or with vide flat suriaces. Csvema are of frequent occurrence, some 
of them being of large idie. One having aevetal milee of galleriei ia known as Wind 
Cave, from the etrang current of air which usually iasuee from its mouth. It u situ- 
ated 8 miles north of the Hot Springs and attracts thousands of visitoia. Crystal 
Cave, in the northern Black Hills, is also a very int«reBtlng cavern, with many laige 
deposits of dog-tooth spar on its walls. 

The most extensive exposures of the Pahasapa limestone are in the great platewi 
west of Custer. Here the formation begins in a line of high cliffs surmounting slopes 
of crystalline sdiists and the relatively thin sheets of Englewood limestone and Dead- 
wood aandstone. A view of one of these clifia is shown in figure 274. In Pennington 
County the pl»t«au has a width of 10 mUes of continuous limestone outcrop, con- 
stituting the most elevated area in the Black Hills excepting the small summit of 
Harney Peak. To the west the limestone passee beneath the sandstone of the Minne- 
lusa formation, but it is exposed sgain in the arch of the steep anticline near the 
Wyoming-South Dakota line. Hell Canyon cuts deeply into the Pahasapa limestone, 
u does also the wider canyon known as Pleasant Valley. East of the crystalline 
rock area the limestone stands out on many conspicuous knobs, or lies on the eastern 
slopes of ridges due to the Deadwood qoartiite, but it does not attain the high alti- 
tude which it has farther west. With decreased thickness, the more rapid dip to the 
east soon carries the formation below the surface in that direction, but it constitutes 
the wallsof many of the csnyonsof the strounsfrom Beaver Creek northward. French 
Creek has extensive cliffs of the limestone, and Spring Creek has cut a long deep 
canyon through it. 

The thickness of the Pahasapa limestone in the central and southern Black Hills 
varies from about 600 feet at the ikorthweet to 226 feet on the east and southeast. 
All along the esstam side of the hills it appeals to have the latter thickness, with 
slight local variations. It doss not present any noteworthy lltbologlc subdlvidons, 
but its upper part is often ^ceous and flinty and stained red to a greater or less 
extent from the overlying red beds of the Miunelusa formation. At its top there is 
umially a red dialy bed of slight thickness, containing oval concretions of hard silica 
from 6 inches to 2 feet in diametar in greater port. FoseoIs occur sparingly througih- 
out the formation, including Spirifer nxiymontaniu, Sanirutla dau/toni {Alhyrii rub- 
tiHla). Productus, and Zaphrentis, a fauna which Indicates lower Carboniferous age. 



Ihis formation, known In previous geological reports as the purple limestone, is a 
prominent member of the Black Hills series. It is thin, averaging less than 60 feet 
b thicknea, but it is hard and flexible and coven moderately extensive areas of the 
outer slopes of the Uinoeluea formation. Southwest of Hot Springs it constitutes ft 
prominent anticlinal ridge, which extends south to Cascade Spring. It is proposed 
to derignate this formation the Hinnekahta limestone, because a distinctive geo- 
graphic name is required, and the region near the hot springs, originally known as 
the "Hinnekahts" by the Indians, is a typical locality. The springs rise through 
crevices in the formation just west of the town of Hot Springs, and the exposures in 
the vldnity show aU the characteristic features which tiie formation presents. The 
prominence of die Uinnekahta limestone outcrops is due largely to the fact that the 
ovalying formation is soft ted diale, which has been deeply eroded, leaving the 
nnderiying limestone bate tm slopes up which the red shale originally extended. 
The underlying formation, the Opeche, also being soft, the limestone neatly every- 
where presents an escarpment, and the many canyons which are cut through ft bftVS 
vertical walls of the limestone. ( nm^lr 
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Tlie Minnekahta luDeatone preaantB mora details of etructure than way other for- 
iD&tion of the Black Hills. Nonnally it dips outward away from the ceDtnd area at 
from 5° to 30°, but there ara frequent variatioiu in the amount and direction. These 
variations are due to the fact that the formation is a relatively hard bed of homoge- 
oeoiu rock lying between maasea of noft, red ehalea, bo that it was free ta flex who- 
ever preaaure waa exerted, the plasticity of the incloeiag beda favoring loc&l flexing 
and warping. Ita beda a^e aometimee traveiaed by small faults and minate crum- 
plinga, but considering the large amount of deformation to which the formation has 
been subjected the fiezuree are but little broken. The formatiDn ia unifonn in 
character throughout, being a thin-bedded, light-colored limestone containing mag- 
neeia and mora or lees clay as an impurity. Its thin bedding is a characteristic 
feature, although the thin layers are so conented together that the formation pre- 
sents a massive appearance. On weathering and through the action of froet it breaks 
into slabs usually 2 to 3 inches in thicknees. On the western side of the Black Hills, 
notably in the region from east of Clifton northward, ite coloring is sli^tly darken, 
varying from dove color to lead gray, and scone of the beds present a eeminodular 
structure. An increased admixture of clay is also observed in some layers. The 
general appearance of the formation is always sligjitly pinkish, with a tinge of purple, 
from which the term "purple limestone" originated. The thickneaa of the formation 
waa measured at many pointa. A few repreaenta,tive meaaurements are as follows: 

Thietneu of Mitmdeokta limaUme. 

F«t. 

Spring Creek 45 

Battle Creek 40 

Hot Springs GO 

Stockade Beaver Creek 28-SS 

Cambria well 34 

This relatively uniform thicknees indicates very uniform ctatditions of depoailacn 
during the accumulation of the red bed depoeite, the Opeche ftxmatioa below, and 
the Spearfish formation above. An analysis of a typical sunple of the Hiimekahta 
limestone is as follows: 

. jlna^Mt qf Jfinnciba&la limttttmt. 

Lime (SiO.) 3L61 

Magnesia (MgO) 18.86 

Alumina (AljO,) and iron (FejO,) 3S 

Water 1.25 

Carbonic acid (CO,) 44.66 

Sulphuric acid (SO.) 07 

Saica(SiOj) L12 

Manganese, soda, and potash Non«, 

SOUTHEASTERN SOUTH DAKOTA. 

In the eastern part of South Dakota, and more particulariy in the 
extreme southeastern part of the State, the Niobrara chalk furnishes 
an excellent raw material for Portland cement manufacture. The 
composition and stratigraphy of these rocks have been discussed 
under K'ebraska (pp. 257-258) and need not be taken up again here. 
The chalk is well exposed in numovus bluffs along Missouri Birer 
from Yankton to Chamberiain and it also outcrops in smallw isolated 
areas ebewhere in the district. 
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The Weetem Portland Cement Co., whose plant is located a few 
miles from Yankton, has employed the Niobrara chalk and the over- 
lying Pierre shale as raw materials. The original plant was a wet- 
process mill, with stationary kilns of the Johnson type, but these 
have been replaced by rotaiy kilns. Analyses of the raw materials 
follow: 

Analymt of Porliand cement materiaU, YanHon, S. Dai. 
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The plant at Yankton was idle in 1911. For some time there has 
been under discussion the establishment of a plant at Chamberiain. 

PORTIiAm) CEMENT RESOtTRCBS OF TENNESSEE. 

By E. O. TJlwoh. 

POBTLAND aSKEHT 1EATBBIAI.8. 

DISTEIBUTION. 

Limestones and shales that probably have the chemical composition 
and other properties required in the' manufacture of Portland cement 
occur abundantly in eastern and middle Tennessee. The more prom- 
i^ng materials and localities are confined to eastern Tennessee, where 
numerous large and easily quarried outcrops of nonmagnesian upper 
Ordovician limestones and shales alternate with generally mach 
wider bands of dotomitic lower Ordovician limestone and Cambrian 
shales, sandstones, and limestones. 

Very few analyses of limestones from any part of Tennessee have 
been published, practically the only ones being those of the phos- 
phatic limestones of the middle part of the State. This lack of analy- 
ses is to be r^retted, since the decision as to which limestones have 
utd which have not too great a percentage of magnesia to make them 
available as Portland cement materials is necessarily left to the judg- 
ment of the observer. However, with exact correlations and careful 
comparisons with limestones of known composition it is possible to 
attuu sufficiently reliable results. 

D,j,i,.f^,„Google 
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In east Tennessee the bands of limestone sufficiently low in mag- 
nesis to be classed as possible Portland cement matnials lie mostly 
above the Enox dolomite. 

CAMBRIAN LIHESTONBS. 

Limestones form but a small part of the Middle Cambrian rocks in 
Tennessee, and it does not seem probable that any of them have the 
chemical compodtion now deemed necessary in a Portland cement 
material. C^iun layers of the Maryrille limestone,' are probably 
more promising than any other Cambriui limestone in the State. 
Other limestone beds, ranging in thickness from a few feet to nearly 
400 feet, have been described under the names of Beaver and Rut- 
ledge limestones. Others, again, are included as calcareous members 
in the Nolichucky shale (md the Conasauga shale. 

The great bed of Enox dolomite overlies these Middle Cambrian 
formations, llie lower half of the Enox is of Upper Cambrian age 
and the upper half is of Ordovician age. So far as known, the percent- 
age of magnesia in no part of the 3,500-4,000 feet of limestone com- 
prised in the formation is low enough for Portland cement material. 

OBDOVtCIAN LIHESTONBS. 



SAat SIDE or VALLBT. 

The Ordovician formations of the eastern part of eaat Tennessee 
have been described in folios and other publications of the United 
States Geological Survey under several local names. The relations 
of these formations to one another are approximately as follows: 

Sevier Aale. 

Tellico auidatoDe. 

Hoecamm limestone 1 

HoletoD maible [Alliens ehkle. 

ChicluiDftUga limestone J 

At the base is a rather persistent bed of more or less argillaceous 
limestone (Chickamauga), the thickness of which varies greatly, 
reaching in places several hundred feet. It coiresponds in position, 
and in a considerable degree also in lithologic character, to the Ordo- 
vician limestones used for cement making in the more northern part 
of the Appala^diian Valley. It outcrops in bands that lie approxi- 
mately parallel to the margin of the valley. Near the eastern edge 
of the valley, where the limestone is thin and locally absent, the 
overlying black shale (Athens) is thicker. 

In places heavy beds of red and gray marble (Holston) are asso- 
ciated with the Chickamauga limestone. These marbles are very 

■ Folios Nos. U, !«, 2t, 37, 33, ana M, 0<ol. AUm U. S., O. 8. QaoL Surv*r, UMnltM 

L. .,., nGoOgIc 



TENNBB8BE. 881 

pure limeetoaes, bong especially low ia magnesia. As (he oatcrops 
are commonly close to beds of shale, some of those that for one reason 
or another are mifit for use as marble might be utilized in the manu- 
facture of cement. Analyses follow: 

Analyu* qf Ordovietan marblttfrom Tamtttu. 
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2. HairkliiJ County. A. L. Colby, enBlyii ElEhtMoth Ann. Rapt. V, S. flaoL Survey, pt. fi (otm- 

Similar and in places extensive beds of crystalline and other lime- 
stones occur locally in the Sevier shale. Such limestone beds are 
especially well developed in the bands striking southwest from Enox- 
ville to Athena. Thinner and more earthy beds of limestone occur, 
though less commonly, in the Athens shale. In the region between 
Holston and Clinch riveiB the Chickamauga limestone ia generally 
overlain by the Moccasin limestone, a reddish argillaceous limestone 
several hundred feet thick. 

VKBT BIDE or VALLBT. 

The Ordovician limestones of the western half of the valley are 
all included in the CSiickamauga limestone, a great mass of rocks, 
A^r^ating from 1,200 to 2,000 feet in thickness, consisting almost 
entirely of limestone. Locally and in certain parts of the section, 
especially toward the top, the limestone becomes shaly, or it may 
include many thin beds of shale. Thou^ the greater part of the 
formation may be classed as a pure limestone, it is nevertheless true 
that many layers contain considerable clayey matter and a few are 
^ceoua and on decomposition ^ve rise to chert. The percentage 
of magnesia, however, is almost everywhere low, although analyses 
establishing the fact are wanting. Highly aigillaceous hmestones, 
generally mottled with red, occur in the lower half of the formation, 
especially in the Chattanooga belt. Many locdities in the west^ni 
half of the valley doubtless would aSord materials for a proper mix- 
ture in the same quarry. 

The Chickamauga limestone contains representatives of practically 
all the formations into which the Ordovician rocks of middle Ten- 
nessee have been divided. The succession of the beds and of the 
faunas charaoterizing each is practically the same in the two areas, 

■ :.. „Googlc 



332 POBTLAND CBHBNT UATBEUL8 OF UNITED STATES. 

80 that there can be little or no doubt respecting the continuity of the 
beds beneath the later rocks which form the intervening Cumberiand 
Plateau. 

WSRTXBH AMD MIDDZM TTOmilX. 
8TOKBB BITXB OSOUP. 

The nearly horizontal limestonee of the Stonee Kiver group form 
the floor of middle Tennessee, the lowest fonnatioo outcropping at 
Murfreesboro. They are all esaeotially nonmagnesian and hence 
deserve mention as possible or promising materials. The Murfrees- 
boro limeetone, with an exposed -thickness of 70 feet, is light blue, 
generally heavy bedded, in places rather earthy, and commonly very 
cherty. Murfreesboro is situated near the center of the area in which 
this limestone comes to the surface. The diameter of the area, which 
includes also small outUers of later formations, ranges from 12 to 14 

The Fierce limestone, having a maximum thickness of scarcely 30 
feet, rests on the Murfreesboro limestone and forms a narrow belt 
around the outcrops of that fonnation. It consists chiefly of thin 
layers of highly fossiliferoua pure or somewhat argillaceous limestone 
interbedded with thin seams of calcareous shale. 

The next formation, the Ridley limestone, 80 to 100 feet thick, 
consists of thick-bedded light-blue, sparsely cherty limestone. The 
Ridley, like the Fierce, outcrops in an irregular circular band around 
the Murfreesboro area. Small exposures of its upper beds occur also 
in Bedford and Marshall counties. 

The Lebanon limestone has lithologic characters similar to those of 
the Fierce limestone. It is the fourth formation from the base of the 
Stonee River group, has a thickness of 100 feet or mora, and occupies 
a larg^ area than the preceding limestones. The towns of Lebanon, 
Lewisburg, Shelbyville, La Vei^e, and Fosterville are built on 
this limestone. It is shown also in the bluffs of X>uck River at Colum- 
bia. A considersbte proportion of the bed consists of argillaceous 
limestone. 

The Carter limestone, the uppermost division of the Stones River 
group, is a very light blue compact heavy-bedded limestone, 40 to 80 
feet thick. It occurs in all the counties in the central basin and is 
moro commonly burned for lime than any other of the Ordovician 
limestones. 

UUBSTONEB OF TRENTON AOB. 

The limestones of Trenton age, including, from the base upward, 
the Hennitage, Bigby, and Catheys limestones aa defined in the 
Columbia foUo,' form a wide but irregular belt, completely encircling 
the central areas of the Stones River group. 



I FoUo BE, a«al. AUu V. B., U. B. OaOi. Survey, 1903, pp. 1-X 
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These fonnations, though consiBting ahnost entirely of limestone, 
still vary greatly from place to place in their lithologic charactera. 
The Bigbj limestone, for instance, is granular and phosphatic on the 
west aide of the basin. Both of these peculiarities are lost on tracing 
the formation around the northern and southern sides to the eastern 
border, whwe a large part of the formation, which has, moreover, 
increased in thickness, consists of compact earthy limestones. 

The limestones of Trenton age in the counties bordering Cumber- 
land River are particulariy promising materials. Coal was formerly 
boated down from eastern Kentucky mines, and these shipmentB 
might be resumed if there was sufficient reason. At present only 
points in the vicinity of Nashville and Carthage have access to coal 
brought in by railroads. At each of these places, however, there ia 
such a variety of limestone and shales that it is scarcdy to be doubted 
that abundant materials affording the proper mixture are available. 

LKIFEBS FOUUTIOH. 

Overlying the Catheys limestone is the Leipers formation, which 
as a rule consists of interbedded shales and thin, knotty, apparently 
nonmagnesian limestones. It varies considerably in composition 
from place to place, even in the same outciop, and on this account is 
not deemed so promising as most of the underlying Ordovician lime- 
stones. The Leipers formation outcrops chiefly in the slopes of the 
highland rim. It is of Cincinnatian or Upper Ordovician age. 

SILUBIAN AND DBVONIAK LDfBSTONSS. 

The Silurian and Devonian rocks of Tennessee embrace three 
limestone formations containing beds sufficiently low in magnesia to 
be considered available as Portland cement materials— the Clifton 
formation of western Tennessee (of Niagara age),theLindenfonnation 
of middle and western Tennessee (of Helderberg age), and the Han- 
cock limestone of northeastern Tennessee (of uppermost Silurian and 
Devonian age). The Clifton and IJnden formations outcrop chiefly 
along Tennessee River, and both, the linden especially, contain inter- 
stratifled beds of shale. Locally the Clifton contains beds that are 
more or lees highly aigillaceoiia. These aigillaceous limestones occur 
principally in the lower part of the formation. 'Locally, as in the 
bluffs opposite Centerville, in Hickman County, they may afford 
material suitable for so<a11ed natural Portland cements. 

HIS8ISSIFFIAN LIMXSTONES. 

Nonmagnesian limestones occur in three Mississippian formations in 
Tennessee. The lowest of these is the Fort Payne formation, in which 
the limestones are prevailingly very siliceous and cherty and for this 
reason are probably not of importance in this connection, "nie 
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principal outcrops of the Fort Payne form the bajrens of the h^hland 
rim and occur in the counties immediately surrounding the central 
basin and in the east side of the Cumberland plateau as far north as 
Pickett County. 

In western Tennessee the next division is the St. Louis limestone, a 
lai^e outcrop of which covers the greater parts of Robertson, Mont- 
gomery, and Stewart counties and extends into adjoining counties in 
southwestern Kentucky. The St. Louis limestone is from 200 to 300 
feet thick and consists mainly of gray and blue, thick-bedded, cherty 
limestone. Near its base, however, especially in Montgomery County, 
it commonly includes many beds of high-grade limestone, some of 
which are underlain by oolitic and semioolitic limestone r^arded as 
of the same age as the Spergen limestone of Indiana. The Chester 
group, which normally occurs above the St. Louis limestone, is not 
present in western Tennessee. 

In eastern Tennessee the Miasissippian rocks above the Fort 
Payne chert are divided into the Pennington shale at the top and a 
limestone fonnation below. To the north the latter is called New- 
man limestone, havii^ been traced from the Newman area in south- 
western Virginia, and to the south is called Bangor limestone, being 
there continuous with the Bangor limestone of Alabama. The lime- 
stones in the Pennington are generally local; very little limestone 
appearing in the formation. The Newman limestone covers the 
higher points -of the highland rim and forms the surface rock over a 
wide belt of country along the western base of the Cumberland 
tableland. Livingston, Sparta, Cookeville, and McMjnDville are 
among the towns on this belt. 

FOBTI.Ain} OBHEHT mStTBTST. 

In 1911 Tennessee had two Portland cement plants in operation — 
that of the Dixie Portland Cement Co., at Richard City, near South 
Pittsburg, and that of the Clinchfield Portland Cement Co. at Kinga- 
port. liie former plant, which has been in operation for five years, 
uses a mixture of limestone and shale, both obtained &om the Bangor 
limestone of the Mississippian. 

PORTLAND CEMENT RESOTTBCE8 OF TEXAS. 

Three papers are given below on Portland cement materials in 
Texas: The first, by J. A. Taff, is a general discussion of the lime- 
stones of the State; the second, by E. F. Burchard, and the third, by 
G. B. Richardson, on cement materials near Austin and near El Paso, 
respectively, are more detailed discussions of the resources of smaller 
areas. In all three certain verbal changes have been made since their 
earlier publication. 
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By J. A. Tapf. 
GBOIXWIO O0CURBENCE8. 

Several limestone formations occur in the Carboniferous and 
older Paleozoic rocks in north-central Texas and in the Trans-Pecos 
region, and one has been found near the base of the Tertiaiy in Lime- 
stone County. These limestones may prove to be adapted to the 
production of certain classes of cement, but their constituents have 
not been determined. 

Of the many limestone formations in the geologic column of Texas 
those of widest extent and greatest purity, and therefore those best 
adapted for use in making Portland cement, are of Cretaceous ^e. 

The Cretaceous of Texas occuis in a wide belt of country, extending 
across the central part of the State in a north-eouth direction from 
Jled River to the Rio Grande. It makes the most fertile lands in the 
most densely populated portion of the State. The cities of Sherman, 
Dallas, Fort Worth, Waco, Austin, and San Antonio are built upon 
it. Facilities of transportation are ample, for railroads extend from 
the principal cities to other centers of population in the State and 
beyond. 

Two divisions of the Cretaceous system contain Umestone deposits 
of remarkable purity that are well adapted to the manufacture of 
Portland cement. These are the Austin chalk and the limestones of 
the Fredericksburg group (Goodland Umestone to the north and 
Edwards limestone and Comanche Peak limestone to the eouth), 

AUSTIN OHALK. 

The Austin chalk is in the lower part of the Gulf series (Upper 
Cretaceous). (See PI. XVIII.) From Red River, near the northeast 
corner of the State, its outcrop bears westward, passing near Clarks- 
viUe, Honeygrove, and Paris, to Sherman. From Sherman its course 
bears southwestward beneath Dallas, Waco, Austin, SanAntomo, and 
numerous smaller cities. From San Antonio its course westward 
parallels the line of the Southern Pacific Co. to the Rio Grande near 
Del Rio. 

The rock is a massive white friable limestone or chalk. Through 
several hundred feet from a horizon near the base to the top it carries 
from 70 to 90 per cent of carbonate of lime. Massive beds many feet 
thick are remarkably uniform in texture and composition. 
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Anafymi of AutUn dwlk and Tanlor marl. 
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g mUea north of San Antouo, Tex. 
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1. Bnith7Cnsk,WlllliiiuooCMilt7,Tlz., middle part of «lMlk. 

1. BiuilirOmk, WllUtoMonOMintj'.TM.. upper panotdMlk. 

8. Bm OkbfW Blnr, WllUmion Conat;, TBI., dnik man M top of white duft. 

a> WIUIanuoDOoantr, Tex., lower pMtotUiwnudatraivtbewUMclwlk. 

T. WUUamean Cmmtr, Tex., gnoawul nui), MBtnl putaboraUuaiiMfl. 

S. Atccmb msfa not Irani qmnr, TaiM PortJend Oemait Worti, S mUn wvt of IMha, Tax., knrac 
aointofwUteohalk. 

Near Red Kirer, east of Sherman, the chalk probably does not 
exceed 400 feet in thickness. It is interbedded with chalk marls but 
contains some thick beds of nearly pure chalk. Between German 
and Austin the formation is approzdmately 600 feet thick and is 
generally uniform in texture and composition. From Austin south- 
westward the chalk probably increases in thickness, but it is broken 
and in part concealed by faulting. 

The chalk is in contact with clay marls both above and below. It 
grades upward into chalk marl, which in turn is followed by limy 
clay, bringing into close relations all the elements essential to the 
production of Portland cement. 

The Austin chalk is structurally well situated for quarrying. East 
of Sherman it dips south and south of Sherman it dips southeast at 
approximately 40 feet per mile. 

FBEDBKICKSBmtO QBOUP. 

The limestones of the Fredericksburg group outcrop west of and 
generally parallel to the outcrop of the Austin chalk. To the north 
tiie group is represented by the Goodland limestone, a massive, semi- 
crystalline white limestone 30 to 50 feet thick, which crops out is 
southern Oklahoma east of Ardmore. Near Ardmore the outcrop 
turns southward, crossing into Texas in Cooke County. From Brazos 
Biver southward the limestones gradually increase in thickness, 
reaching 300 feet on Colorado River. To the south the limestones of 
the group are represented by the Edwards limestone and the Comanche 
Peak hmestone. The limestones of this group occur in lat^ areas 
in Wise, Parker, Hood, Erath, Bosque, Hamilton, Coryell, Lampasas, 
Burnet, Blanco, Kendall, Comal, and Bexar counties. Still larger 
areas are exposed in the Edwards Plateau west of San Antonio. 
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The Comanche Peak is a massive white chal^ limestone nearly 
100 feet thick. The Edwards limestone, the upper of the two, is 
composed of an alternation of tliick beds of nearly pure chalk and 
siliceous limestone beds containing quantities of nodular and almost 
pure flints. The flints occur in both the chalky and the siliceous 
limestones but are rather more abundant in the pure limestones. 
XeM Austin and elsewhere in the central part of the State these 
purer limestones are manufactured into a high grade of white lime. 

The Qoodland limestone caps escarpments overlookiDg the tim- 
bered lands of the Trinity sand in northern Texas and in Oklahoma. 
In central Texas its southern equivalents — the Edwards limestone and 
the Comanche Peak limestone — occur in a region of strongly incised 
drainage channels, where they cap local table-lands in the west and 
form escarpments, bluffs, and lowlands in the east. 

Like the Austin chalk, these limestones lie almost flat, dipping 
slightly south in Oklahoma and slightly east and southeast in Texas. 

Cement material In ttae Tlclnltf of Austin. 
By £. F. BtmoBABD, 

PHT8I0AI. OHARAOTBR OF CEMENT MATEatAl.a. 

Beginning with the lowest formation the rocks considered of pos- 
sible value as cement materials are the Georgetown limestone and 
Del Rio clay, both of the Ijower Cretaceous, and the Eagle Ford clay, 
Austin chalk, Taylor marl, and WebbervUle formation of the Upper 
Cretaceous, In tlie valley of Colorado River terrace silts of Quater- 
nary age overlie tlie Cretaceous unconformably. The formations 
strike northeast-southwest and dip gently southeast. The oldest 
rocks outcrop just west of Austin, the later ones overlapping from the 
east. 

The Qeorgetown limestone consists of impure white limestone alter- 
nating with bands of marly clay. Its total thickness is 65 to 70 feet. 
The principal impurities are silica and alumina, which are not gener- 
ally excessive; some beds, however, carry too much magnesia. (See 
analysis Se 329, p. 341.) This limestone outcrops in low bluffs and 
hill slopes in the vicinity of the old cement works northwest of Austin. 

The Del Rio consists of greenish-blue laminated unctuous clay 
which weathers brown or yellow. It is rather foasiliferous, contain- 
ing many seams of calcareous shells, which in places have reacted with 
ferrous sulphate and formed selenite crystals. His clay lies upon 
the Georgetown limestone. Its thickness is 80 to 100 feet, but the 
whole thickness rarely remains except where the clay is protected by 
the overlying Buda limestone. The outcrop fu^as of both the 
488ai°— BuU. 522—13 22 
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Geoi^etown and the Del Bio formations are narrow. As shown by 
the analyses (Cy 15 to Cy 25, p. 34 1 ), the Del Rio clay is generally rather 
low ia silica as compared to the percentage of iron and alumina, and 
it also runs high in lime. Tte best sample of Del Rio clay appears to 
be Cy 32. 

The Eagle Ford clay is composed of laminated bituminous clays, 
shales, and flaggy limestone. It outcrops in narrow areas northwest 
of a line drawn northeast-southwest through the middle of Austin, 
and is commonly exposed in low bluffs below a cap of Austin chalk. 
The total thickness of the Eagle Ford is about 50 feet in the vicinity 
of Austin. The composition, as shown by analyses Se 361, 364, and 
365, approaches that of natural cement rock rather than that of true 
shale. 

The Austin chalk is described on pages 335-336. Analyses Se 335 
to 363 indicate that it runs uniformly and moderately high in lime 
and low in magnesia. The silica is generally in moderate amounts, 
not too high for the alumina and iron oxide. 

Overlying the Austin chalk and occupying an outcrop area 3 to 6 
miles wide east of the chalk area is more than 500 feet of calcareous 
joint clay or marl known as the Taylor marl. When fresh the beds 
consist of fine-grained, tough, unctuous blue clay, which quickly 
becomes laminated and changes to yellow on weathering. The 
material, as shown by analyses Misc. SO and 81, is neither a cement 
rock nor a good limestone, although it would not require the addition 
of a large proportion of limestone to bring it to the composition of a 
cement mixture. 

Next above the Taylor marl is the Webberville formation, which 
is composed of clay marls with greenish glauconite grains and of 
black shaly clay with arenaceous layers. Analyses of clay from the 
Webberville are shown as Cy 26, 27, and 28, This clay ia not very 
uniform in composition, but in places material fairly high in silica 
may be found (Cy 27). 

The terrace silt from the south bank of Colorado River is used for 
making brick at two places. It is calcareous, although less so than 
most of the so-called shales and clays of the vicinity. Analyses Cy 
30 and 31 show, respectively, a rich clay, used for making dry-pressed 
face brick, and a loamy clay, used for making soft-mud aand-mold 
brick. 

It is of interest to note that at Dallas, Tex., good Portland cement 
ia being made from the Austin chalk mixed with Eagle Ford clay, 
and that at San Antonio Austin chalk is also in use for natural 
and Portland cements. (See analyses, p. 343.) Austin, an inter- 
mediate point on the outcrop of these widespread formations, would 
thus appear to be favorably situated with respect to these important 
raw materials. 
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Some years ago cement was made at Austin on a small scale in a 
vertical kiln from the Georgetown limestone and the Del Kio clay, 
rocks stratigraphically lower than the Austin chalk. An analysis of 
seasoned clinker from this kiln (No. 4 of the following table) corre- 
sponds closely with the average analysis of 10 samples of a mixture of 
7 standard Portland cements (N^o. 5 of the tahle). In 1904 analyses 
and clinkering tests of limestone and clay from the properties of the 
Austin Portland Cement Manufacturiog Co. were made at the labo- 
ratories of a large Portland cement company in the North. For 
purposes of comparison the following analyses are given: 

AnaJyia o/ raw materitUt and ■inamrf<ietvTed etmtntfrom Aiatin, Tei.<^ 
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For the kiln test the limestone (1) and clay (2) were mixed in the 
proportion of about 3.9 to 1, ground wet to such fineness that prac- 
tically all the mixture passed a 200-mesh sieve. The mix was dried 
and burned in a test kiln with gas fuel. The clinker was well sin- 
tered and dense and after being finely ground yielded a gray cement 
having good hardening properties. The results of some of the phys- 
ical tests were as follows : 

RuriUi of phytical UtU on cemtnt yitldtd by kiln Utt on mixed Georgetown Umttione and 
Del Rio ehy. 

Time of set: Initul, three and one-haU boun; final, aeven houn. 

Spedflc gravity; 3.12. 

Finenees; Paaeed 100-meah, 99 per cent; paased 200-meBh, 88 per cent. 

Tensile Miength, neat; Seven daya, 665 to 805; 28 days, 832; one year, 666 

pounds per square inch. 
Tensile sbength, 1:3 sand: Seven days, 425 to 460; 28 days, 471; one yeoi, 

37S pounds per square inch. 

To be of value for the manufacture of Portland cement shales 
should contain silica in the proportion of not less than twice nor 
more than three times the alumina plus the iron oxide ; some manu- 

, f acturers report best results when the ratio .i ^ , ^ r, ^ between 
2.5 and 3. ^ 
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loBpection of the an&lyaes of aJl the clays and shales in the table 
on page 341 shows that in not one of the Del Rio clay samples does 
this ratio reach as high as 2.5, and in some samples the ratio is less 
than 2. Only one out of the 20 clays (Cy 28) gives a ratio between 
2.5 and 3, although two others (Cy 27 and Cy 32) come close to 2.5. 
It is evident that these clays should be used with limestones carr}-- 
mg enough silica to make up for its lack in the shale. Possibly the 
necessary silica might be supplied from certain of the more highly 
siliceous beds in the Georgetown limestone and the Austin chalk. 
It should be noted that analyses Se 328 and Se 329 show more than 
the maximum allowable limit of magnesia (MgO), which ia generally 
considered to be 3 per cent. The Austin chalk runs generally higher 
in lime than the Georgetown limestone and is uniformly low in mag- 
nesia. The Eagle Ford clay, according to the analyses, appears to 
be nearly a natural cement rock, which would require the addition 
of only a small proportion of high-calcium limestone to make a 
Portland commit mixture. The Taylor marl is rather high in lime 
and low in silica, as are most of the samples of Del Rio clay and clay 
from the Webberville formation. The two terrace days give ratios 
much higher than the maximum limit. Se 31 shows a very high 
[tercentage of silica, but the writer ia not informed as to how much 
of this is free silica, a very objectionable material. The proportion 
of alumina and iron oxide is much too low to give promise as a 
cement material, and the fact that it is so low suggests that a large 
proportion of the silica does occur in a free state. Attention should 
he called to the analyses Cy 32 and Cy 27, which seem to have been 
made upon the most promising clays in the whole series. 

Ilie results of a numher of chemical analyses of limestone, clay, 
etc., from the vicinity of Austin, Tex., are given in the first table 
below. They were made by P. H. Bates and A. J. Phillips at the 
laboratories of the United States Geological Survey in St. Louis in 
1908 on representative samples of material ranging generally from 
20 to 50 pounds in weight, and are part of a series of tests that were 
planned for the promising deposits of undeveloped cement-making 
materials of the United States. It was planned to make \n\n tests 
on the raw materials, to experiment with certain fuels, including 
lignite and producer gas, to grind the clinker, and to make the usual 
physical tests on the resultii^ cement, but lack of necessary funds 
prevented. The second table (p. 343) contains analyses of rocks 
from Dallas and San Antonio, Tex., used for making Portland cement, 
as well as analyses of the dinker and fresh cement made at Dallas. 
These data are inserted for purposes of comparison. 
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KOONOHIC BBI^TIONa. 

For the economical operation of a Portland cement plant in this 
vicinity operating costs must be kept as low as possible in order to 
compete with established plants at Dallas, San Antonio, and £3 Faso, 
Tex., and also to compete occasionally with eastern cements brought 
by water to Galveston and with cements imported from Germany. 
It is therefore probably out of the question to consider collecting the 
limestone and shale from separated localities, although in fliis way 
the moat suitable combinations of materials might be obtained. 
The problem resolves itself into one of finding suitable materials 
adjacent to each other, and of course the more favorably situated 
witb r^ard to transportation facilities the better. The most logical 
combinations of adjacent formations are Georgetown and Del Bio. 
Austin and Eagle Ford, and Austin and Taylor. If combinations 
of materials from any two of these formations are found, on further 
test, to make good Portland cement, there should be no difficulty 
in finding ideal manufacturing sites in the vicinity of Austin. All 
the materials are comparatively soft and it should be possible to 
grind them very finely without great expenditure of power. Petro- 
leum is the fuel that would probably be most suitable and available 
in this r^on. The limestone, clay, and shale that have been men- 
tioned occur in abundant quantities in the r^;ion. Their distribu- 
tion is shown in detail in the Austin geologic folio.' 

Cement material nexr El P»bo. 
By G. B. RiCHABDBOH. 

The considerable cost of Portland cement at El Paso, Tex., owing to 
its distance from the nearest plant, and the fact that this rapidly 
growing city is the commercial center of a large area, cause the local 
presence of the raw materials for making cement to be a matter of 
importance. 



The city of El Paso is situated in the Kio Grande vall^, at the 
mouth of a narrow gap cut by the river between the Meeilla Valley 
and the Hueco Bolson. The Franklin Mountains lie east of the 
gap and the Cerro de Muleros west of it. The Franklin Mountains 
are composed of sedimentaiy and igneous rocks which range in age 
from Cambrian to Cretaceous. The strata dip steeply westward, and 
the mountains as a whole have the general characteristics of a Basio 
Kange block, but they differ from the type by being complexly 
faulted internally. The Cerro de Muleros is a laccoUthic mountain 

I Austin UHo (No. TS), Oeol. AUu n. 8., U. B. Owl. Siirver, 1903. 

< See ttio Bicliardion. Q. B., BaeonnalBiine la tniu-FeOM T«i»: Bull. Univ. Texas tf Inenl Sum} 
No. «, ISM. 
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with a porphyry core flanked by Cretaceous sddiiaents. This moun- 
tain also has been much faulted, especially contiguous to the pass 
through which the Rio Grande flows. The bolson deposits, like the 
fiood plain of the river, consist of gravel, sand, and day. Limestones 
are abundantly developed in the Franklin Mountains and both lime- 
stone and shale are present in the Cerro de Muleros and in outlying 
hills between the two mountains. 



The clay materials can be classed as bolson day, flood-plain clay, 
and shale. The bolson clays are extremely irregular in their occur- 
rence. They are locally exposed in the terraces above the river and 
have been found as lenses in numerous wells sunk in the Hueco 
Bolson. As yet none of these deposits have been developed. 

Flood-plain clay occurs in several localities in the Eio Grande val- 
ley near El Paso. The material, derived from rocks that outCTop 
higher up in the drainage area of the river, has been brought down 
and deposited by the stream. In this manner deposits of clay intei^ 
colated with sand and gravel have accumulated, the mode of origin 
causing the deposits to be of irregular extent and composition. The 
beds range in thickness from a few inches to many feet, and in char- 
acter from a rather pure clay to one containing lai^e admixtures 
of sand. More or leas oi^anic matter also is usually present. The 
analysis of day from Whites Spur, about 10 miles north of El Paso 
(p. 346), shows the composition of what is perhaps a typical sample 
of flood-plain day. This day is manufactured into common wire- 
cut brick at several plants in the valley — at Vinton and Whites Spur, 
above El Paso, and at others below the city. The product is of 
fairly good grade, and several million bricks from this source are 
made yearly, Adobe bricks, made of sun-dried flood-plain days, 
are manufactured extensivdy by the Mexican inhabitants of the 
Rio Grande valley and are used in the construction of their pic- 
turesque buildings. 

The deposits of shale are more important for cement making than 
the flood-plain clays because of their uniform texture and general free- 
dom from coarse particles. The blue-gray day shale of liower 
Cretaceous age is interbedded with sandstone and limestone on the 
flanks of the Cerro de Muleros, is well exposed in the pass along the 
west bank of the Rio Grande, and occurs in smaU areas east of the 
river. The composition of four samples is shown by the accompany- 
ing analyses. The figures indicate considerable variation, silica, 
ranging from 49.08 to 75.15 per cent, alumina from 10.90 to 20.71 
per cent, and lime from 0.66 to 13.56 per cent. The analyses, except 
of No. 3, which contains too much silica and relatively too much 
aluminum and iron, show that the shale is well adapted for mw-king 
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cement. More teats are desirable to determine the extent of the 
different grades. 

Analytet of »haU, eUiy, andlimesUmefiomthemeinityqfElPaio, Tex. 
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Bricks of excellent quality are made from this shale, three grades 
being mannfactured^-pressed brick, common wire-cut brick, and fire 
brick. Many thousands of the first two grades are made daily, but 
at present only small quantities of fire brick are manufactured, thar 
chief use being in the brick kilns. An analysis of fire clay (No. 3) 
shows a small content of fluxing impurities, although the high per- 
centage of silica, 75.15 per cent, indicates only moderate refractoriness. 



The limestones of the Kl Paso r^on aggregate more than 5,000 
feet in thickness and are separable into five formatioiiB — -Lower Or- 
dovician, Upper OrdoTician, Silurian, Carboniferous, and Cretaceous. 
Without fossil evidence the different limestones can not everywhere 
be recognized, although each has physical properties peculiar to 
itself. They are all massive and are in the main gray in color, but 
some are whitish and others are almost black. Some are more crys- 
talline than others and they contain variable amounts of chert. A 
characteristic difference is their content of magnesia, as shown by the 
following analyses: 

IdmeartdTnagnetiainlimaUmajTomlhevieinilj/ofBlPaMO, Tex. 
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The three older fonnatioos contain abundant magnesia, in quan- 
tltiee almost aufficient to constitute the rocks a true dolomite, but 
the magnesia content of the younger limestones is veiy small. On 
account of the high magnesia in the older limestones they are unfit for 
cement making, but those of Carboniferous and Cretaceous t^e are 
well adapted for this purpose. 

The distribution of these limestones in genoral is distinct. The 
older formations outcrop along the crest and form tJie "backbone" of 
the Franklin Mountains. The Carboniferous limestone lies along the 
northwestern slope of this range and is particularly well developed 
adjacent to the Texas-New Mexico boundary line. The Cretaceous 
limestone outcrops along the flanks of the Cerro de Muleros and occurs 
also in the gorge above El Paso on both sides of the river. The 
greater acceesibihty of the Cretaceous limestone and its occurrence 
near the shale make it probable that this will be first used, in prefer^ 
ence to that of Carboniferous age. 

Both the magneeian and nomnagnesian limeetones are burned for 
lime in the vicinity of El Paso. For this purpose the Ordovlcian 
limestones are quarried at the south end of the Franklin Range and 
the Cretaceous limestone at the pass above the city. Large quanti- 
ties of the Cretaceous limestone are also quarried and crushed for uae 
as furnace flux by the smelter in the vdley 4 miles above El Paso. 
The rock is also extensively used for foundations and for road-niaking 
macadam. 

POSTZiUSm OBVBNT IHStrST&T IN TEXAS. 

Id 1911 Texas produced over 1,500,000 barrels of Portland cement 
from four plants. One plant, that of the Alamo Cement Co., of 
San Antonio, is relatively small but has been in operation for many 
years. The other three plants, those of the Texas Portland Cement 
Co., of the Southwestern States Portland Cement Co., at Eagle Ford, 
and that of the Southwestern Portland Cement Co., at El Paso are 
large and of recent construction. All four plants use Cretaceous lime- 
stones for their raw materials. Oil is used as fuel at the plants near 
Dallas, coal and oil at San Antonio, and coal at El Paso. 

BIBLIOaitAFHT. 

Bdkcsabo, B. F., Structural nutorkls nwr AubUd, T«z., Boll, 17. S. G«ol. Surver 

No. 430, 1910, pp. 309-313. 
RicauiMON,0. B.,Portlaiul cement mAteri&ls near £1 Paso, Tex., Bull. U. S. Geol. 

Survey No. 340, 1908, pp. 411-114. 
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POKTIiAND CEMENT RESOURCES OP UTAH. 
FOaiLAHD CEHBHT MATEBIAL8. 

Limestones, generally low in magneeium carbonate, occur ia man; 
parts of the Wasatch Mountain area in Utah. Most of these lime- 
stones are of Carboniferous age. Many of them contain ao much 
clayey matter as to fall below 75 per cent in lime carbonate, in which 
case they are to be regarded as approaching in composition the cemeat 
rock of the I^ehigh district of Pennsylvania. A rock of this type 
would require the addition of a purer limestone to give it the proper 
percentage of lime for a Portland cement mixture. 

In the plateau district softer limestones, of Eocene and later age, 
occur. 

Analnut of limttUmuffom Utah. 
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In addition to the limestones just mentioned, an interesting mate- 
rial has newly been discovered to be of value in the manufacture of 
Portland cement.' It occurs in the form of marl underlain by clay. 
This deposit lies in the abandoned bed of the northern portion of the 
old Salt Lake basin. It is a homogeneous, tmstratified, grayish, 
fine-grained soft marl. At the surface the material is, in midsum- 
mer, fairly dry to the depth of 1 foot or more, but becomes damp 
below, and at the base salty water seeps in and fills holes where the 
underlying clay is excavated. The clay underlying the loam ranges 
from light gray through yellow to bluish in color, and is also fine 
grained, like deposit referred to lies 5.6 miles northwest of Brig- 
ham. The nearest remnant of Salt Lake is a small lake known as 
Boxelder Lake, a marshy tract which lies a short distance south of 
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the marl depoeit. The marl is 4 to 10 feet deep, and the clay has 
been tested to a depth of 18 feet. The marl runs generally between 
1 and 3 per cent of magnesium oxide, between 40 and 46 per cent of 
calcium oxide, between 7 and 12 per cent of silica, and between 1 
and 3.5 per cent of f^umina plus iron oxide. There has been found 
as high as 4.5 per cent of sodium chloride (coramoa salt) in the marl, 
and the wet material carries as high as 32.29 per cent moisture. The 
clay carries 48 to 50 per cent of silica, 16.5 to 18.6 per cent of alumina 
plus iron oxide, about 7.6 per cent of lime oxide, 2.5 to 2.8 per cent of 
magnesium oxide, 2.7 to 2.9 per cent of potassium oxide, 1.3 to 5 per 
cent of sodium oxide, and about 2.25 percent of sodium chloride. In 
a wet condition the clay contains as much as 40 per cent of moisture. 

FOIITZ.AND CBMENT INDUBTBT. 

During lOil the output of Portland cement in Utah amounted to 
662,849 barrels. This was produced by three plants. 

The oldest company in the State is the Portland Cement Co. of 
Utah, which has its mill in Salt Liake City, but which obtains its 
raw mat^ials from Parleys Canyon, several miles southeast of the 
city. Two different types of limestones are obtained here — one a 
cement rock high in clayey matter, the other a relatively pure lime- 
stone. These are mixed in proper proportion for Portland cement. 
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The second cement plant put into operation in Utah is at Devils 
Shde, near Ogden, and is owned by the Union Portland Cement Co. 
This plant uses high calcium and low calcium limestones and shale. 

The newest plant is that of the C^den Portland Cement Co., at 
Bakers Spur, 5) miles northwest of Brigham. This plant utilizes 
the marl and underlying clay at the bottom of the abandoned bed of 
the northern part of Great Salt Lake. 

PORTJJAND CEMENT RESOUItCES OP TEBMONT. 

Vermont, unlike the other New England States, contains extensive 
and important deposits of nonmagnesian limestones and marbles, 
which are worked at present for building stone and lime burning. 

The limestones quarried in Vermont fall into two distinct groups. 
The first group contains the crystalline limestones (marbles), worked 
extensively in the vicinity of Rutland, West Rutland, Dorset, and 
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Brandon. The material obtained in this area is well known commer- 
ciallj as the "Vermont marble." The second group includes those 
quarried in northwestern Vermont, principally near Swanton, High- 
gate Springs, Winooski, and Leicester Junction. These limestonea 
are mostly of Ordovician age (Chazy and Trenton), are not markedly 
crjrstalline, and commonly range in color from dark gray or blue to 
almost black. 

Both types — the marbles and the black limestones — are generally 
very low in magueda, as may be seen from the analyses below: 

Analj/uto/limatonefrom Vermont. 
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So far as composition is concerned, both the marbles and the ordi- 
nary limestones are well suited for Portland cement materials. Fuel, 
however, is expenave; good local markets for cement and cement 
products are lacking; and satisfactory clays are rather difficult to 
obtain. Commercial conditions, therefore, seem to rule these others 
wise excellent Vermont limestones out of consideration. If condi- 
tions were different, a flourishing Portland cement industiy mi^t 
be established, as a cement plant could utilize the enormous waste 
from the marble quarries. 

PORTIiAKD CEMENT RESOURCES OF VIROINXA. 
FOIlTI.Ain> OEKENT 1U.TEB1AI.S. 

DIBTBIBUnON. 

From a geologic point of view, the promising sources of Portland 
cement material in Viiginia, named in descending geologic order, are: 

1. Tertiary diell beds or "marlB." 

2. Greenbrier asd Newman limestones {MisBifleippian age). 

3. Lewiitown limeotone (Devonian and Silurian age). 

4. Oidoviciaii limeetonee (Trenton and Stones River age). 

The last three divisions (see PI. XIX) occur in western Vii^^a, 
in the Great Valley and in the foothills of the All^heny ridges. The 
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Tertiaiy shell beds, which are probably the most important^ occur 
in tidewater Virginia. 

TEBTIAKT SHELL BEDS OB "hABLS." 

In the eastern counties of Vii^inia certain Tertiary fonaations 
carry beds of so-called marl, which are of great importance in con- 
nection with the probable development of the Portland cement 
industry in Virginia. 

The Tertiary shell beds or "marls" of Virginia Me not the same 
materials which have long been known as marl in the Portland cement 
industry of New York, Ohio, Indiana, Michigan, and Canada, nor 
are they limy shales of the type which the older geologiste called 
marls. In order to distingui^ the Tertiaiy materials from these 
other "marls," they will be alluded to in the present report as "shell 
beds," a term which is precise and descriptive and which does not 
carry with it implications of identity with the other types of "marl." 

Shell beds occur in both the Eocene and Miocene series of the 
Tertiary, but only the Miocene shell beds need be considered as 
possible sources of Portland cement material. The Miocene shell 
beds outcrop in all the counties of the coastal plain in Vii^;tnia, being 
best exposed, however, in Nansemond, Isle of Wight, Surry, York, 
and Gloucester. They owe their great importance as cement mate- 
rials not to any superiority in their composition but entirely to their 
location on tidewater. Indeed, the composition of most of them is 
hardly attractive to the cement manufacturer, and such of them as do 
not outcrop on or near deep water and within easy reach (A a coal- 
carrying road may as well be dismissed from consideration at once. 
This fact practic^y limits development to the beds lyii^ on or near 
James and York rivers. 

Ori^nally the beds were made up of masses of shells of various 
molli^ks; some of them contained considerable clay at the time 
of their depoution, and »nce deposition many have become so 
infiltrated with sand and clay as to show relatively low percentages 
of Ume carbonate. The end result of such changes in composition 
win often be the production of a mixture of sand, clay, and shells 
utterly worthless for use as a Portland cement material. 

Of course it is not at all difficult to get a small sample of almoat 
any deored composition from one part or anotJier of these shell beds. 
Ibe following analyses, however, really represent the range in com- 
poution of the better beds and are tlie restilts of careful sampling 
throu^ the entire thickness. Tlie sampling was done by H. Drew 
and E. C. Ekikel, and the analyses were made by the L^igh Vall^ 
Testing Laboratoty and in the laboratory of the Alpha Portland 
Cement Co. 
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Ana^ta of Xioeene thtU btdi, Virginia. 
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The above series of analyses shows certain peculiarities. The 
magnesia is very low but steady, at about one-half of 1 per cent. 
The lime runs only a UtUe higher than is needed in a Portland cement 
mixture, bo that the addition of very little clay is required. In the 
argillaceous constituents, however, the balance is different from that 
of normal clayey limestones. The silica, for example, is low compared 
to the total of alumina and iron oxide. Most striking of all, the iron 
oxide is much in excras of the alumina. These peculiarities of com- 
position in the more clayey shell beds involve difficulties in manu- 
facture, and it is therefore highly durable to use the purer shell beds. 
Careful exploration has shown that such purer beds are scarce, and it 
is this fact which sets a maximum limit to the possibilities of cement 
development in the Coastal Plain region of Virginia. 

The cement plant of the Norfolk Portland Cement Co. is now using 
the Tertiary shell beds and associated clays. (See p. 359.) 

GREENBRIER AND NEWMAN LIMESTONES (hISSISSIPPIAN AOE). 

PosiH&n of the deposits. — Throughout western Virginia the Missis- 
sippian series consists largely of limestone. In West Virginia and 
Maryland this limestone is called the Greenbrier limestone, and the 
same name is appHcable throughout the greater portion of its extent 
in Vii^inia, In southwestern Virginia, however, the term Newman 
limestone is applied to a heavy limestone occupying approximately 
the same stratigraphic fwsition as the Greenbrier farther north, 
and the two limestones agree closely in composition as well as in 
stratigraphic position. 

The Mississippian limestones outcrop, in spite of their thickness, 
only as rather narrow strips in several of the counties of southwestern 
Virginia. The most favorable localities, so far as the possibilities of 
cement manufacture are concerned, are in the vicinity of Cumber- 
land Gap, Tenn., where the limestone beds are accessible to two 
railroads and are within a few miles of the important Middlesboro 
coal district of Kentucky. The following data were gathered during an 
examination of the cement possibilities of the district by the writer, 
in the course of work for the United States Geological Survey. 

The rocks of the Cumberland Gap district include Silurian, Devo- 
nian, and Carboniferous formations, dipping mostly 15' to 36° NW- 
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The section exposed, from above downward, may be generalized as 
follows: 

Geologic ttciion near Cumberland Gap, Term. 
Carboniferous: 

P anim yl vnnjftn — 

Potteville group- Th!ekne«' 

8hal«e and Kitdatones with coal beds. infaai. 

Lee conglomerate (maaaive sandstone and cougtomente}--. 1,000-1,100 
Uiseiseippian — 

Pennington alule (greenish shales and thin sandstone) 50- 160 

Newnum limestone (heavy-bedded blue and gray limestone).. . 250- 400 
Devtmian: 

Gtainger shale (gray to greenish shales) 60- 126 

Chattanooga shale (black carbonaceous shales) 160- 300 

Silurian: 

Clinton fonnatiDn (shales and sandstones, wilb beds of red hema- 
tita) 400- 700 

Of the formations above listed, the topmost shales and sand- 
stones outcrop only in the area northwest of Cumberland Mountain, 
the crest and northwest flank of this mountain being formed by the 
massive Lee conglomerate. Underlying the conglomerate, near the 
top of the southeastern flank of the mountain, is a relatively thin 
bed of Pennington shale. Below this and generally forming the 
middle part of the slope are heavy beds of Newman limestone. The 
Grainger and Chattanooga shales outcrop on the lower slopes of the 
m.ountain and in Poor Valley at its foot; the Clintoa formation 
commonly makes up the Poor Valley Ridge just southeast of Poor 
VaUey. 

Available limestone. — The Newman limestone shows 250 to 400 
feet of heavy-bedded blue to gray limestones. Cherty beds occur 
at several horizons, but the mass of the rock is fairly pure and 
low enough in magnesia to furnish a satisfactory Portland cement 
material. 

AiuUysa of Newman Hm^tUme near Cumberland Gap, Tenn. 
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The shales required for cement can be obtained from four different 

geologic formaUons — the topmost part of the Carboniferous, the 

Pennington shale, the Grainger sh^e, and the Chattanooga shale. 

48834"— Boll. 522—18 ^23 C.OOqIc 
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Each of these formatioos is well exposed in this vidnity. 1^ latter 
three outcrop along the southeast flank of Cumberland Mountain 
and the topmost shales of the Pennsylranian outcrop in ih» Middles- - 
boro basin northwest of that ridge. The shales will be briefly 
described in geologic order. 

The Chattanooga shale (Devonian) is in this district 150 to 400 
feet thick. It consists of brittle black carbonaceous shales or slates, 
many of which contain small percentages of pyrit«. Some beds con- 
tain too much sulphur to be entirely satisfactory as cement material, 
but the mass of the formation is good enough , so far as sulphur is con- 
cerned. Few beds are sandy, and the silica percentage of many of 

them t.11. so low tt^t-insiEfillsirsaai-^-^*- ^^^'^ "* 

this siUca-alumina ratio can be used in cement manufacture, but the 
shales next to be considered would seem more satisfactory. 

The Grainger shale, lying above the Chattanooga shale and below 
ibs Newman limestone, varies from 50 to 125 feet in thickness. It 
is composed of gray to greenish shales, siliceous enough on analysis, 
but with no coarse sandy beds. For this reason this shale is prob- 
ably the most satisfactory as a cement material. 

AjMlftsit o/Ondnger ihaU, Cumto'limd Gap, Tmn. 

Silica (SiO,) 74.00 

Alumina (A3^,) IS. 80 

Iron oxide (FeA) 8.40 

Lime carbonate (CaCO,) 2. 01 

Magneaium carbonate (MgCOi) 1.53 

The above analysis was made in 1904 by J. G. Harding, of Wells- 
ton, Ohio, on a sample of shale taken a few feet below the limestone 
in the Morrison quarry. It is obviously very satisfactory for use in 
Portland cement manufacture, owing to its composition giving the 
following ratio: 

Silica _ '^*-QQ ^4 33 

Alumina H- iron oxide™16.90 

The Pennington shale, which overlies the limestone, is here from 
SO to 150 feet thick. It consists of greenish shales alternating with 
thin layers of sandstone. Though it is probable that by careful 
grinding this material could be utilized for cement manufacture, it 
is not regarded as so satisfactory as the Grainger shale, which under- 
Uea the Newman limestone. 

In the "Coal Measures" of the Middlesboro district, inunediately 
west of Cumberland Mountain, shale beds occur at many locaUties. 
At the Harkness Brick Works, 8 miles northwest of Cumberland Gap, 
some of these Carboniferous shales have been utilized. Analyses of 
these shales, by A. R. Phillips, follow: 
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Aa^fttt of Ctrbon^trotu titoto vied at SarhuM Briel Work*, Virgmia. 



SOlnCeiOi) 

Alumina (AM>d.... 
IntDoil<le(F«iOi).. 

lJiiw(Cft03 

MaenatojibO).... 

PotaabrSiO) 

Soda(Na^) 

C&rboD dioilda (CO, 



Analyses of Missiseippian limestoneB (Greenbrier and Newman) 
from a number of other localities in southwestem Virginia are pre- 
sented in the following table: 

^na^iei ofGrtmtxier and Neaimtm hmetUmu, Ftiyima. 
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1-4. Onrabrier UnustoiM. LuiliA, OUes Counti'. J. B. Glbbauej', uulTst. Bull. Virginia Oeol. Siii> 
yrj WO, JA, Uni, pp. 27B-JJ8. 
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UBWISTOWN LIMESTONE. 

The Lewistown limestone appears in the foothills of the All^heny 
ranges on the west side of the Great Valley throughout the entire 
extent of the latter in Virginia. At Fordwick the Virginia Portland 
Cement Co. has for a number of years used the Lewistown limestone as 
its principal raw material in cement manufacture. Farther south- 
west in Vii^nia limestones of approximately the same age as the 
Lewistown have been described and mapped as the Hancock Um^ 
stone. 

This series of limestones is exceedingly variable not only from 
place to place along the strike of the rocks but most notably from 
bed to bed in the same locality. It is therefore very difficult to 
make satisfactory general statements as to composition. In a very 
general way it may be said that the lower beds of the fonnation are 
generally shaly limestones, in many localities approximating natural 
cement rocks in composition. The beds higher in the formation are 
commonly less shaly, but in this upper portion of the series many 
cherty layers are interbedded with the pure limestones. Magnesia 
sepms, unfortunately, to be confined to no particular portion of the 
formation. With all this the series carries some veiy satisfactory 
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cement materials, and where it outcrops aloi^ the line of a coat 
hauling railroad it is certainly worthy of consideration and of close 
examination. 

Of the analyses in the following tahle Nos. 1 and 2 represent the 
composition of the purer beds of the Lewistown and Nos. 3 and 4 
apparently that of cherty beds. 

Analf/gei of Ltwittovm limalone, Virginia. 





i 


1 


a 


^ 




•in 


^78 


LOO 
M.90 





















1. SareD Fonntoloa, Huaauttv Hoinitabi. 1. H. Olbbona;, iiiilyit. BuU. Viicliila 0«ol. Surrar 
N0.2A, IWS.p. 2S3. 

2. CnlDTOlA. C. Catlett, uuarrt. BulL U. S. OmI. Bamf No. 22S, 1M4, p. 4SI. 
a.COTSgU«i. J. H. aib£i(ine;,uulfBt' Bull. VUgiiilA Oeol. Suivey No. 1j[, !«(«, p. 307. 
i. Vaim Bjxbitt. Idem, p.Mt. 

OBDOVICUN LIMESTONES (tRENTON AND STONES SITER AQE). 

The Ordovician limestones of Vii^nia, because of their attractive 
composition and because they outcrop in the most thickly settled 
section of the western part of the State, have been discussed exten- 
sively as possible sources of cement material. The Tertiary shell 
beds, however, are nearer to the market, and the Greenbrier and 
Lewistown limestones are nearer to the fuel supply, thus heavily 
handicapping the Ordovician limestones in any competition for 
northern or western markets. 

It is impossible to discuss in detail, in the space allowable, the 
rather complicated stratigraphy and geographic distribution of the 
Ordovician limestones in Virginia. Only a summary of the facta 
bearing on the possible utilization of these limestones for Portland 
cement can he given. 

The great series of limestones which occupies most of the valley 
between the Blue Kidge and the Allegheny range has for convenience 
been termed the Shenandoah limestone. From a very early date, 
however, it was known that this limestone series contained represen- 
tatives of several geologic formations and that in age the limestones 
covered the period from early Cambrian well into Ordovician. Care- 
ful work by a number of geologists has resulted in the subdivision of 
the Shenandoah group into several formations. The det^ls of the 
subdivision and the names applied to the units vary in different parts 
of the valley. Certain broad statements, however, are sufficiently 
close to the truth to be serviceable throughout the State as aids in the 
search for low-magnesia Umestones. 

The basal portion of the Shenandoah group, or in a general way the 
Cambrian part of the group, iu most places carries too much magnesia 
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to be fit for use in Portland cement manufacture. In places low- 
magnesia limestones are found in the lower part of the Shenandoah 
group, but such are very exceptional and can not be discussed satis- 
factorily here. 

The upper part of the Shenandoah group, however, is markedly 
different. The upper limestones, corresponding in a general way to 
the Ordovician portion of the group, are commonly sufficiently low in 
magnesium carbonate to be worth conddering as possible sources of 
Portland cement material. These upper limestones are principally of 
Trenton and Stone Kiver age. In different parts of Viiginia they are 
subdivided and named differently, but for present purposes the^ can 
be considered tc^ther under the general term of Ordovician lime- 
stones. 

The Ordovician limestones are best exposed, in general, along the 
western side of the Shenandoah Valley and its southern continua- 
tions. (See -PI. XIX.) In most localities they are overlain, or are 
flanked on the west, by a heavy series of shales called in the northern 
and western portion of the valley the Martinaburg shale. 

The following table contains a number of analyses of Ordovician 
limestones from Vii^inia localities. This table could have been 
extended indefinitely, but it is believed that the analyses given will 
suffice to illustrate the range in composition of the limestones: 
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6. Lowar pnt Cbunbcnbiirg llmeMonc, WoodsUick. Idnn, p. 60. 
6. VptMriMrtClumbenbinsllniMoiie, Woodstock. I<leia,p.ei. 

I. mmt nmatonc, Uant. ^dem, p. Itl7. 

8. UuTM llmntode, near LextngUm. Iileiii.p. 100. 

9. Uaratllii»tain,Ekglel'«tiiltaln. Idem, p. 109. 
10- AiKUteoeow ibacslDot, Osts ClCj'. Idem, p. 1««. 

II. CUbkunNin limnLooe, TBUnwIl. Idem, p. 160. 
U. AnlllaoKiQB llmatone, Tanwell. Idem, p. 100. 
13. Chlckamsuga limestone, Fewbbiirg, Idnn, p. ITS. 
U- Chlckamaum Itmeston, TuoweiL Idem, p. ITS. 
16. CtdckamauEB llmeslone, Ben Huf. Idem, p. 183. 

The table shows that the Ordovician limestones in Virginia, as 
elsewhere in the eastern United States, include both pure high- 
carbonate rocks and shaly limestones or cement rocks of the type 
uaed in the Lehigh district of Pennsylvania and New Jersey. The 
Virginia cement rocks seem to tend to show a bad ratio between the 
silica and the alumina and iron oxide, but this may not persist 
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throughout the State. No criticism can be made of the high- 
carbonate limeetonea, and the overlying shales are almost everjwhen 
suitable for mixture with these overlimed rocks. 

POB.TIiAin> OBUBHT DTOtTSTBY IK VnUlZNIA. 

At present Vii^inia has only two plants engaged in the manufacture 
of Portland cement, and to the writer it seems probable that whatever 
future development may take place in the cement industry of the 
State will be along lines not considered in previous publications on 
this subject. The tendency in discussions of the cement possibilities 
of Virginia has been to assume that the excellent limestone resources 
of the valley of Virginia are alone sufficient to justify cement devel- 
opments in that portion of the State. Unfortunately for this theory, 
Virginia itself does not furnish an important cement market, and the 
only justification for cement manufacture within its borders is that 
it posseeses sites having advantages in fuel or transportation over 
competitive sites in adjoining States. To justify the erection of a 
cement plant a site should not only furnish a satisfactory limestone 
supply, but should have reasonably cheap coal for power and kilns 
and should offer transportation rates which will enable the output 
to be shipped to lai^ markets and sold there in competition with 
the product of plants of other localities. Such favorable sites there 
may be in Viif;inia, but they are not in the valley areas which have 
commonly been considered possible centers of cement manufacture. 
This matter is emphasized here because in Bulletin 243' of the United 
States Geological Survey, which may be regarded as a firat edition 
of the present report, the more abundant data available as to the 
limestones of the valley of Virginia caused them to receive undue 
attention as compared with other and now more promising formations. 

The two Portland cement plants at present in operation in Vir- 
ginia are widely separated as to location and use very different raw 
materials. 

The plant of the Viiginia Portland Cement Co. is at Fordwick, 
near Craigsville, on the line of the Chesapeake & Ohio ilailway. 
The raw materials used are from the Lewistown limestone and the 
Devonian shale. Analyses ' follow: 
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The Norfolk Portland Cement Co., a Bubaidiary of the American 
Cement Co., has recently put into operation a plant at South Norfolk, 
or Berkeley. The raw matarials used are derived from the Tertiary 
shell beds along and near James River and from the sedimentary 
clays that at several plac«s overlie these shell beds. Analyses 
follow: 

Awdgia of raw materialt v»td near IfoifoH, Va. 
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POXtTEiAND CEMENT BESOUBCES OF WASHINOTON. 
FOBTIiANS CEKSm! MATBBIAL8.' 
Washington shares with adjoining portions of Britieh Coulmbia the 
distinction of having the only large deposits of limestone located on 
deep water along the entire Pacific coast of the United States and 
Canada, and this fact may become of importance in relation to the 
future development of the cement induatiy. 

Limestone, the principal ingredient necessary in the manufacture 
of cement, is found only in the northern counties of the State from 
Puget Sound to the Idaho boundary; that is, in San Juan, Whatcom, 
Soohonush, Skagit, King, Okanogan, Ferry, and Stevens counties. 
Claya occur much more widely, but only those near the limestones 
will he discussed. 
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SAN JUAN COUNTY. 

In Son Juan County the only deposits of limestones and clays worth 
coDsidoring are at tidewater on San Juan and Orcas islands. The 
principal deposits on San Juan Island are at Roche Harbor, where 
the largest lime works on the Pacific coast are located, and are the 
property of the Tacoma & !Roche Harbor Lime Co., whose lime has 
an established reputation because of' its purity. The limestone has 
been rendered entirely ciystalline by metamorphism, and any fossils 
which it may have contained have been destroyed. It is one of a 
series of metamorphic rocks which have been greatly contorted and 
faulted. Its geologic age has not been accurately determined, but 
it is without doubt older than the Cretaceous rocks which form the 
bulk of the small neighboring islands a few miles to the north. 

At Roche Harbor the limestone occurs as two lai^e ledges, with a 
strike a little east of north. In outcrop they extend from north to 
south about one-half mile and &om east to west about 1,000 feet. 
The height of the limestone above tidewater averages 200 feet; its 
depth below the ocean level has not been determined. The fact that 
the limestone is much broken and that but little stripping is required 
makes it possible to quarry the stone and deliver it to the crusher at a 
minimum expense. The quarry at this place has been in operation 
since 18S2, and ihe manufactui^ of lime amounts to about 300,000 
barrels per year. The limestone varies but little in composition and is 
very uniform in character. 

Large deposits of glacial sediments adjacent to the limestones con- 
tain extensive beds of clays interstratified with sands. Some of the 
clay beds are at least 40 feet thick and have been so thoroughly 
washed as to be uncommonly free from gritty ingredients. In case 
the clays do not afford enough silica for use in cement manufacture 
it may be easily obtained from the quartzites and slates that are 
near at hand as members of the metamorphic series of which the lime- 
stone is a part. 
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A cement plant built at Roche Harbor could be so arranged that 
the limestone at least might be transported to the mills by a gravity 
system. The final product could also be transported in the same 
manner to warehouses on the wharf. The harbor is well protected 
and the water is sufficiently deep for ocean-going vessels to enter and 
depart at any tide. 

On the northwest shore of Orcas Island several outcrops of lime- 
stone are very similar in character and occurrence to those described 
at Koche Harbor but are of smaller extent. At several points quick- 
lime has been made from time to time and the conditions for cement 
making are favorable. The limestone ledges lie far enough above 
the water level to make a gravity method feasible at all stages of 
cement making from the quarry to the warehouse on the wharf. 
The water is very deep, and large vessels may come very close 
inshore. As at Eoche Harbor the limestone is entirely crystalline, 
and with its neighboring metamorphic rocks has suffered extreme 
folding, faulting, and other dislocations. Along the adjacent shores, 
conveniently near the outcrops of limestone, shales and beds of clay 
afford materials suitable for cement manufacture. Below are some 
analyses of limestones, shales, and clays from this location on Orcas. 
Island, made by A. H, Cederberg. 
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WHATCOM COUNTY. 

In the vicinity of Kendall, on the line of the Bellingham Bay & 
British Columbia Railroad, a number of deposits of limestone and 
clay afford proper materials for cement manufacture. The outcrops 
of limestone immediately south of the railway do not indicate large 
bodies, but north of the railway, about 3 miles from Kendall, a large 
ledge of this rock presents a vertical face or cliff that may be seen for 
a distance of 2 or 3 miles. The limestone is entirely crystalline and 
all traces of fossils have been eliminated. This limestone, hke the 
limestones of San Juan County, is part of an extensive metamorphic 
series which has been greatly folded and crushed. As a result of the 
breaking up of the original bed of limestone and of extensive erosion 
the rock occurs in fragments and not in one continuous body. The 
amount of limestone here could be determined readily by means of 
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the diamond drill, and this abould be done before a cement plant » 
installed. 

A few milea west of the limestone deposits and along the railroad 
track there are beds of glacial clay, one of which was explored by 
drillii^ to a depth of 50 feet. The clay is advantageously located 
and may be loaded on cara at a very small cost. 
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snoHOHisH ooumr. 

limestone occurs in a number of places in the eastern half of 
Snohomish County, but only at a point 3 miles east of Granite Falls, 
on the Northern Pacific Kailway, has the rock been quarried to any 
extent. Tbrn stone is crystalline and is a member of an extoiaive 
metamorphio series extending in a broad belt north and south. The 
adjacent rocks are chiefly ^ates and schists. A quarry has been 
opened by the side of the railway track, and tile stone is loaded 
directly on to the cars. The quany has been in operation for several 
years, and the principal sales of rock have been made to the smelter 
and paper mill at Everett. A limekiln having a capacity of 100 
bands per day is in operation. The property is owned by the 
Canyon lame and Cement Co. Some investigations have been made 
as to the possibilities for a cement factoiy, but no active work has yet 
been done. 

The fallowing analyses were made by A. H. Cederbei^: 

ATtalysa of liuuttoTie, calcareotu staU, and clay timt Cramlt Fall*, WaA. 
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EING OOUNTT. 

The metamoTphic rocks occurring in Whatcom, Skagit, and Snoho- 
mish countiea continue into King CouQty. In the Ticinity of Sno- 
quahnie Pass and at several points along the line of the Great Northern 
Kailway, notably in the region about Baring, outcrops of crystalline 
limestone have been found, but very little work has been done looking 
to the derelopmeat of any of the deposits, and there is Uttle informa- 
tion at hand concerning them. 

So far as clay la concerned King County la particularly favored. 
Clays of exceUeat quaUty occur abundantly in the western part of 
the county, chiefly in connection with the Tertiary coal measures. 
At Kenton, Taylor, and Kummer thick beds of shale are found 
iaterstratified with seams of coal. At all these points clay is mined 
for use in the manufacture of onuunental and paring bricks, terra 
cotta, sewer pipe, etc. Known deposits of limestones and days are 
too widely separated to make the manufacture of cement profitable, 
but further prospecting may reveal the presence of desirable beds of 
clay within or adjacent to the limestone areas. 

OKANOGAN COUNTY. 

In many parts of northern Okanogan Coimty ciystailine limestone 
has been discovered in conjunction with slate, metamorphic sand- 
stone, and conglomerate. The largest limestone areas are west and 
northwest of Riverside, where conspicuous cliffs of this rock hare an 
areal distribution of several square miles. On the eastern slope of 
Palmer Mountain several bold outcrops of light-gray limestone are 
only partly crystalline. Because of the difficulties in the way of 
transportation and the sparseness of population nothing has been 
done toward utilizing the limestone, but it is safe to assume that the 
neighboring argillaceous rocks could be used with the limestone lU 
the manufacture of cement whenever a sufficient demand arises. 

PEHET COONTY. 

The geologic formations of Ferry County are mainly metamorphic 
rocks represented by limestones, slates, and quartzites, with many 
granite intrusions. Here and there small areas of sandstones and 
shales indicate the existence of lakes in Tertiary times. The lai^est 
limestone area is in the form of a long, narrow belt which extends 
north and south across the country and which lies at the western foot 
of the gruiite divide separating Columbia and Kettle rivers from the 
streams to the west. A few miles west of Republic, at a lai^e out- 
crop of a very compact and hard bluish limestone, a limekiln is in 
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operation and a high grade of quicklime is manufactured. Clay and 
impure limestone occur close at hand and may be utilized in cement 
manufacture. 
The following analyses were made by A. H. Cederbeig: 

Anali/ti oferytlalHw timatojte, impure Hmtitone, and elagfnm Fan Covmty, WaA, 



BOteCnOt).. 



ea (f«0, iiA AltOi) . . 



BTETEN8 OOUWTT. 

Stevens County contains very large deposits of materials necessary 
for cement manufacture, the only drawback being the high cost of 
fuel, which is subject to a long transportation charge. The rocks of 
the county are chiefly metamoiphic in character, comisting mainly 
of limestone or marble, slate, and quartzite. These have been greatly 
disturbed by folding as well as by intrusions of granite, basalt, and 
other igneous rocke. At moat places the limestones are entirely 
crystalline and at several places yield marble of excellent quahty. 
The fossils they may have contained have been wholly destroyed 
except near Sprii^dale, where the semicrystalline limestone contains 
coral remains which indicate its Paleozoic, probably Carboniferous, 
s^. Though these rocks are ordinarily known as limeetones, many 
of them are really dolomites, and careful field work must be done and 
many analyses made in order to locate the true limestones and deter- 
mine their extent. 

Analyttf^hmettant and tias from RxeOtf^OR, WaA. 
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In the vicinity of ColviUe, on the Spokane Falls & Northern Rail- 
way, some limestones occur that are free from magnesium carbonate 
in harmful amounts. One such is 15 miles northeast of ColviUe, 
whero the Jefferson Marble, Mining & Milling Co. has opened a 
quarry and established marble works. The limestone outcrops covw 
a broad area, and extensive beds of glacial clays are conveniently 
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DMur. The limestone or marble exhibits many Tarietiee of colors, 
from clear white through yellow, brown, and dark blue to black. The 
stone IB fine grained and compact. Analyses of two varietids of 
marble, made by Prof. S. Shedd, of FuUm&n, are as follows: 
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The property of the Keystone Marble Co. lies near the locality 
last described. Si miles east of Bossbuig, a station on the Spokane 
Falls & Northern Railway. The marble outcrops over a considerable 
area and presents ample conveniences for quanyii^. The stone 
exhibits great diveisity in color, but on the whole approaches a pure 
calcium carbonate. Interstratified with the beds of marble are slates 
and quartzites. Analyses of two varieties of marble, made by Prof. 
S. Shedd, of Pullman, are as follows: 



Analyta 0/ yAiU and graj/ mar6(e/roi 
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In the vicinity of Kyan, a small station on the Spokane Falls & 
Northern Railway, marble outcrops in conspicuous bluffs on both 
sides of Columbia Biver, in an advantageous position for economical 
quarrying. The marble is fine grained, mostly light gray, and unu- 
sually hard. An analysis made by Prof. S. Shedd, of Pullman, is as 
follows: 

ATutlytito/m^iUfioniRyan, Wath. 

SUica(SiO,) 1.00 

Iron and alununa None, 

Lime(CaO^ 63.96 

Magneoia (MgO 1.60 

Carbon dioxide (CO,) 48.27 

Besides the clay represented in the slates occurring in proximitj 
to the limestones, there are many places in Stevens County where 
clays exist in laige amounts. Some of them are of glacial origin, and 
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-otheoB are residual from granitflfl. As a type of the latter the days 
in the Ti<dmty of Clayton may be mentioned. NumerouB drill holes 
show that the day beds cover several thousand acres. IlieTe can be 
little question that both limestones and clays may be had in dose 
rdationship and at points convenient for transportation, so titat in 
time Stevens County may become an important producer of cement. 

POBTLAMD OBKSNrc msUBTBT OF WASHmoTON. 
The State of Washington produced nearly 1,000,000 barrels of 
Portland cement in 1911. Three Portland cement plants — those of 
the Washington Portland Cement Co. and of the Superior Portland 
Cement Co., both at Concrete, Skagit County, and that of the Inland 
PorUand Cement Co. at Metaline Falls, Stevens County — are at pres- 
ent operating in Washington. The first two plants utilize practically 
the same types of raw material, the mixture being made up of a 
metamorphic, highly ciystalline limestone and a recent sedimentaiy 
clay. Analyses of these raw materials, as used at the plant of the 
Waahington Portland Cemeht Co., are given below: 
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LimeBtone, shale, and day are utilized at the plant of the Inland 
Portland Cement Co. The limestone is reported to contain from 87 
to dl per cent calcium carbonate, from 3 to 3.5 per cent magnesium 
carbonate, and from 2 to 4.5 per cent alumina, iron oxide, and silica. 
Calcite carrying 97.5 per cent calcium carbonate is available 3 miles 
north of Metaline Fells. Two shales and one terrace day are also 
available within a few miles of the site. Neither shale alone is satis- 
factory, but an appropriate mixture of the two is reported to effect 
a composition whereby any desired percent^e of silica may be 
secured in the finished cement, irrespective of the lime content. 
The abate from Sullivan Creek runs rather h%h in lime carbonate 
and low in silica, and the shale from Sand Creek runs hi^ in aihca 
and comparativdy low in alumina, iron oxide, and caldum carbonate. 
These calcareous shales are in general dark blue or black in color and 
are finely deavable, the planes of lamination being distinct and dose 
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bother. In places greeni^ shales were noted, which may be chlo- 
ritic. The Inland Portland Cement Co., of AUentown, Pa., has 
kindly furnished the following analysee made by it of the shales in 
the vicinity of Metaline Falls : 

Anaiytm ofibaUtfrom SvUivan Crttk, MeuUiite FoUt, Wtuh. 
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Oil is used as fuel in the two western plants, and coal is used in 
the plant of the Inland Portland Cement Co., which is in the extreme 
eastern part of the State. 

POBTIUAND CEMENT RESOURCES OP WEST VIRGINIA. 

Though West Virginia itself furnishes no lai^ market for Portland 
cement, some of it« excellent limestones are very advantageously 
situated for making cement for shipment outeide the State. Some 
of this advantage lies in proximity to transportation routes, but the 
more important part of it arises from the abundant fuel that is 
avulable in certain portions of the State. 

PORTLAND CBKENT XATEKIALS. 



DISTRIBUTION. 

Four geologic divisions in West '\^i^inia afford limestones which 
are worth considering as possible Portland cement materials. (See 
PI. XIX, p. 350.) These divisions, named in descending geologic 
order, are as follows: 

1. Penneylvankn ("Cool HeMUNe") Umeetonee. 

2. Greenbrier limeebme (Mueisippion or "Lower Corbomferoua" age). 

3. Lewistows limeetone (Devonuui and Siluriaii age). 

4 . Ordovician limeetoDee (Trenton and Stonea River age) . 

The Greenbrier and the Ordovician limestones are by far the most 
important so far as the possibility of their utilization in Portland 
cement manufacture is concerned. 

. „CiOOgle 
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PENNSTLTANIAN LDIB8TONBS. 

A ntimber of more or less persistent beds of limestone are normally 
low enough in magnesium carbonate to be considered available for 
use as Portland cement materials in the Pennsylvanian of West 
Virginia. Few of them are very pure, commonly ranging only from 
80 to SO.per cent of lime carbonate and 5 to 15 per cent or more of 
silica, alumina, and iron oxide. Individual beds are ordinarily not 
very thick and rarely outerop in such a manner as to admit of cheap 
open quarrying. As against these disadvantages must be set the 
proximity of developed coal fields, which gives the limestones, when 
considered as possible bases for the establishment of a Portland 
cement industry, advantages which must be carefully weighed. 

The following table contains analyses of a number of Peonsylvaniaa 
limestones from West Virginia localities: 
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4. Hurius Creak, KaaaBha County, idem, p. 400. 

E. QubbuiB. IdetD.p. Ml. 

0,7. UoundiTineNurDWB.llmlleaMawWbeeler. BuU.U. S. Oml. 8uitbtNo.8,1884,p. IT. 

8,0,10. TwomlleCmk, KaoBvha County. Rogen, W. B., Oeidogy of tbe VIi^Mu, ISSl.p.SZS. 

iL Bcotts Bun, McooogaUa County. Kept. West VliKbUa Q«ot Sarrey, ml. 8, 1806, p. SiS. 

QRBBNBBIKB LIHESTOKB. 

The Greenbrier (Mississippian or "Lower Carboniferous") lime- 
stone covers large areas in West Virginia, (See PI. XIX.) This is 
owing in part to the great thickness of the formation, which reaches 
its maximum development in ita type area in Greenbrier County. 
At Manheim, on Cheat River, east of Grafton, this limestone fur- 
nishes the raw material for the only Portland cement plant in West 
Virginia — that of the Buckhom Portland Cement Co. 

Throughout its extent in West Viiginia the Greenbrier consbts 
almost entirely of very pure nonmagnesian limestone, though some 
shaly or magnesian beds occur. In the vicinity of Fort Spring, for 
example, the senior writer found that the basal portion of the forma- 
tion was appreciably higher in both silica and magnesium carbonate 
than the upper portion, and that the oolitic beds, which are almost 
uniformly of exceedingly high-grade stone, occur several hundred 
feet above the base of the limestone. 
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Because of its thlckneeB, its geaerfdly favorable composition, and 
ita situation with respect to fuel supplies and transportatjon routes, 
the Greenbrier limestone is a very promifiiog source of Portland 
cement material. 

The following table contains a number of analjsjs of Greenbrier 
limestone from West Virginia: 

AnalgKi of Oreertbritr limtllone, Wett Virginia. 




1. Huddleston quirry, SoowDake, QreeabilBT Coaatj. J. B. BrlttOD, aiulvac. Tweodetb Ann. 
Kept. U. S. OeoL Biirray, pt. A (oontlniiBd), 1S», p. 480. 

2. staBTcra Mountain, Baadolph Cauatf. E. Whltfleld, uislyit. Bull U. B. Oeol. Surrey No. 37, 

I. Sear Red SuLpliur Springs, Uonroa Counly. Rc^Bn, Oeology o( the Virginia), p. 396. 
L Near UnlDQ, ttooree Couaty. Idem, p. S97. 

!, Two mllos south of KIngwood, Preston County. Idem, p. 398. 

e. Uuddy Creak Uounlala, near Blua Sulphur Bpri^. ufam, p. 398. 

7,8. Chest RlTer,beioi*G[im Camp RuD, Praaton County. Idem, p. 397. 

e. Eaatilila laurel HUI,ltonoi]gBllaCaunty, Idem. 

10. Front rldn, oppodle PetenBucg, Tucker County. Idem, p. 398. 

II. EastaldaWleryHaanlaln, PraitouCoiuily. Idem. 

12. Wwt of Olen I^, Va., tn Meroer County, W, Va. Sompte by E. C. EeksL Analyjod by Lohlgh 
Vailfv TeBtli« Laborau^. 

13-la. Two tnlla east at Fait Sprfaig, Oreenbiter County. Sample by E. C. Eckel. Anlyied by 
L^l^ Valley TeMlng LAboratory. 

IT.Bmdrtcks, Tucker County. J. C. Drydon, analyst. Kept Wtat Vlrglnl* QeoL Survey, vol. 8, 

looa.tMi. 

t. Bendridn, TackerCamty. 0. F. Maury, analyst. Idem. 



19, IV. Fraiier quairy, Fort Spring, Oreentirlec County. Idem, p. 

11. Lewlabunt, OreenbtlerCouiity. Idem. 

3a-3G. lIoriMitow]], UonooBalU Comity. Idem, p. 117. 



LEWIBTOWN LIMESTONE. 

Owing to the small areas of outcrop of the Lewistown limestone in 
West Viiginia, as compared to the areas covered by the Greenbrier 
and Ordovician limestones, the Lewistown is ordinarily of slight 
importance as a possible cement material. At a few places, however, 
its location gives it advantf^es which render it worthy of serious con- 
sideration. In Mercer and Monroe counties limestone of this age, 
which there is included in the Giles formation, is exposed along the 
lines of the great coal-carrying railroads very near the coal fields, and 
such points are worth examining with care. 

The following table contains a few analyses of Lewistown limestone 
from points in West Virginia. Nos. 1 and 2 are of pure Lewistown 
limestone from one of the northern counties, and Nos. 3 and 4 are of 
48834°— BuU. 622—13 24 
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limestone from the Giles fonnatioa in Mercer County. Noa. 3 and 4, 
it may be noted, represent cement rocks much like those of the Lehigfa 
district. The pure limestone needed to mix with them is found at 
the same locaJity in the Greenbrier limestone (analysis 12, p. 368), 

Ar>alyt«* o/ Devonian and Silurian limatona, Weit Virginia. 
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L Lewfatown UnuBtone, Standard Lime Co. quur?, Eersw, Uimral Count;. F. F. Oioat, analyst, 
ant. Wiflt Virginia Qeal, Butveji, toI. J, ISM, p. GIB. 

— (_. ij . — KeyeH QUflrrT, KBrBefl-, Mineral CoontT, Idem. 

, J._ weat of GJsn^Lyn. Va., in Ueraer Coanlj, W. Vt S«npkd by 



1. Lewlsloi , 

S,4. Llmsstone In Qllcs Formanc- .. ^_, .. 

E. C, Eckel, analyisd by Leblgh Vallsy Testltig Latwratoiy. 



:, near Hampahlre Fumaoe. Quoted by Roeen, W. B., 



OKDOYICIAK LIHBSTONES. 

The only large area of Ordovician limestones in West Viiginia 
occupies much of Jefferson and Berkeley counties, in the extreme 
northeastern angle of the State. (See PI. XIX.) Most of the other 
areas are not commercially available, though one belt of Ordovician 
limestone in Mercer County, croaaing the lines of the Norfolk & West- 
em Railway and the Virginian Railway, may be worthy of consid- 
eration. 

The Ordovician limestones of Jefferson and Berkeley countiee are 
a portion of the great Shenandoah group of limestones occupying the 
valley between the Blue Ridge and the AJi^heny Mountains. The 
Shenandoah group has been already discussed (see pp. 203-204), afid it 
is only necessary to add that in West Virginia the limestones at the 
top of the Shenandoah group are well developed; that they carry 
heavy beds of low-magnesia limestones, and that they far outweigh 
in commercial importance, both present and prospective, the re- 
mainder of the group. 

Analj/iet of Ordifvieian limestona, Wett Virginia. 
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a. Keller Lime Co., Engels. F, F. Orout, aoalyit. Rapt. West VirgbilB 0< 



I. Surrey, toL 3, uoe, 



,. __ — „ e & Stone Co., Bafcerton. Idem, p. 337. 

4. Slacdard Lime & Stone Co., KearneysTille- Idem, p. 337. 
II. Baker Bros. Quarry, Uartlnsburg. Idem, p. 333. 

6. ]£Bi11nsburg Llmeatone Co., UoftinsbiUK. Idem, p. 33S. 

7. Kline Quarry, Bunker Kill. Idou, p. 3M. 
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FOBTLAHD OXMBNT INSUSTBT OF WB8T VIBaiHIA. 

At present only one Portland cement [dant is in operatioa in West 
Virginia. The plant of the Alpha Portland Cement Co., on Cheat 
River, at Manheim, near Orafton, formerly known as the Buckhom 
mill, uses Qreenbrier limestone, MissiBsippian shales, and Quaternary 
clays from deposits on the river flats. Analyses* of all these 
materials follow: 

AnalyMto/umentmaUrvUt, Manham, W. Va. 



SftloBlfflOl) 

Ahmlaa (AliOi) 

Iionoilds(feiOi) 

" ■- — 1«<C^0»J.... 



lS.OO-13.08 
7.«>-e.l3 
72, 37-80. Oe 



E.M- 1.83 

a.iio-M.oa 

.73-1.10 



From inspection of the above analyses it will be seen that the 
necessary composition for the raw cement mix could be obtained in 
several ways. The procedure actually followed is to combine differ- 
ent grades of limestone. 

PORTIiAND CEMENT BESOVBCES OF WISCONSIN. 

FOBTLAND OKXBMT UATEB.IAI.S. 

OBDOVICIAN AND SILURIAN LIMESTONBS. 

Although the Ordovician and Silurian deposits in Wisconsiii con- 
tain heavy and widely distributed beds of limestone, the chances for 
obtaining a. well-located limestone sufficiently low in ma^esia to be 
serviceable seem to be veiy poor. Of the numerous analyses of 
Wisconsin limestones examined only three show less than 30 per cent 
of magnesium carbonate. So far as known, the only fairly thick 
and extensive bodies of low-magnesia limestone in Wisconsin occur 
in the lead region in the upper part of the Flatteville limestone. 

In the southwestern part of the State a generally thin and rather 
locally developed bed of relatively pure limestone forms the top of 
the Flatteville. The "glass rock," as this bed is called, is probably 
better developed at Mineral Point and Flatteville, Wis., than any- 
where else in the lead district. At these locaUties it is filled with a 
highly characteristic fauna of late Stones River age. The rocks 
deposited upon it are the Decorah shale and the Galena dolomite. 

Farther east, as at Beloit, and thfflice northward to Escanaba, Mich., 
the "glass rock" is not represented in the sections. The "upper 
buff" and "blue," however, occur continuously east and north of 



I Bumplirsr, B. L., Eng. Svm, vol. SO, 1903, p. 400. 
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Janesville and Beloit, Wis., but are wanting, at least locaUy, in tlie 
lead region. 

Grant ' has described this particular limestone as follows: 
The ' 'glkee rock' ' belongs near tbe top of the Trenton [Platteville] limestone. Thii 
term, has been applied to b number of varieties of limeetone in this general horuoa. 
It may be said that the name is used for very fine grained, compact, and hard beds of 
limeatone vhich occur near the top of the Trenton {Rfttteville]. This is about as 
accurate e, general definition of the term as can be given. There is, however, one 
particular phase of this rock which may be called the typical glass rock and which is 
apparently the rock to which the name was first applied. "Hiis is a very fine grained, 
very compact limestone, irtiich breaks with a conchoidal fracture, and which when 
fredi is of a light-brown or chocolate color. On exposure to the air, however, this 
color changes to a bluish gray. This phase of the glass rock is found in many places 
throughout the weetem two-thirds of the lead and zinc district. It usually occurs in 
thin beds, and in some places, especially at Flatt«ville, is an important building 
material, the normal school building at this place and one of the high school build- 
ings being conBtnict«d almost entirely of this rock. The fact that it does not occur 
in thicker beds prevents its univeraal use as a building stone. Vary frequently this 
glass reck is packed full of toesila. It is a comparatively pure limestone, containing 
only a small amount of magnesia, the chief impurities being silica and clay. 
The composition of this rock is shown by the following anal^'ses: 
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Limestone, shale, and loess clay that occur near Dubuque, lows, 
and that are possibly suitable for the manufacture of Portland cement 
have already been described (pp. 174r-179). As the southwestern 
part of Wisconsin adjoins Dubuque County, and as the same geo- 
logic conditions prevail on both sides of the riverjf the descriptions of 
the Iowa materials are of interest in this connection. Two geologic 
sections of Ordovician rocks in southwest Wisconsin, not heretofore 
giTen, are as follows: 

Section of Ordovidan /ormalioni (PlatlemlU to Galena) ntar Pototi ttalum, Wii. 

Ft. Id. 

1. Limestone, finegrained, thin bedded (Galena) 12 

2. Shale, including 2 feet 4 inches of inteibedded limestone, total 7 10 

3. Limeetone, fine grained, thin bedded 3 fi 

4. Limestone, evengrained, medium bedded 3 

5. Limestone, crystalline, thin bedded 12 

6. Limestone, fine grained, thin, wavy bedded (partly concealed) IS 

> Onot, U. B., L««d snd iliu deporia of WlaoixBlii: BdH. WIboodbId GvoL ud NK. Hlft. Sarre; Nd. *. 

i«aa,p.3(>. 
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Stetum of Ordoviaaa formoliotu (PlaUeviJit to Oaltna) mat JfeOarbuy, Ifit. 

PL Id. 

1. Limestone, subcryHtallme, with cArbonaceouB ihale partingB (Galena) 12 

2. Shale, calcareous, iDcluding 6 inches of thin limcatone partings, total 3 6 

3. Shale, blue 2 

Concealed S 

4. Limestone, bluieh, cryetalline, thin bedded 6 

Concealed 10 

5. Limestone, finegrained, thin bedded 7 

Concealed 13 

6. Limestone, heavy bedded, buff to blue, probably magnesian 6 

Analyses of the shale beds, exclusive of the limestone bands, com- 
priging No. 2 of the section at Potosi station and Nos. 2 and 3 at 
McCartney, are published on page 177 of this bulletin.' 

QUATEBITABT SHEtX MABLS. 

Wisconsin, like Michigan, Ohio, New York, and other States north 
of the glacial limits, contains many lakes, some of which contain 
deposits of marl. Little attention has yet been paid to these deposits, 
and practically nothing can be said as to their occurrence and char- 
acter. One noteworthy feature, however, should be home in mind. 
Afi already shown, almost all the limestone deposits of the State 
at« highly magnesian, and as the marls are derived from local lime- 
stones Wisconsin marls probably carry Laiger percentages of mag- 
nesia than marls occurring in areas of pure limestones. This seems 
to be indicated by the following analysis: 

Anaignt of^U marl, Wiiamiin. 

8aiea{8iOi) 1.48 

Alumina (A1,0,) 1 jg 

Iron oxide (Fe,0,) / 

Lime carbomite (CaCO,) 86. 09 

Hagneeium carbonate (MgCO,) 7,18 

Sulphur trioxide (SO,) 44 

Water 1.67 

Organic matter 952 

Sections 17, 18, 19, and 20; town of Pierce, T. 24, R. 25, Kewaunee County. 
0. Bode, analyst. Geology of Wisconeiii, vol. 2, 1877, p. 289. 

PORTLAND CEMENT RESOITRCES OP WYOMING. 

Limestones are extensively distributed throughout Wyoming, but 
little attention has yet been paid to their economic value. The first 
detailed discussion of the cement possibihties of the State was pub- 
lished in 1907 by S. H. Ball,' who made a very careful examination 
of two groups of hmestone and shale areas tributary, respectively, to 

'SwibodiBat, IJ.S.,aitdBnrohard, B. F., lAiNBStn-kUaenl Point fOllo(Na.ltf) Oaol. Atlti U.S., 
U, S. Oeol. SarvPT, 1807, pp. 4-B. 
'BsD, S. H., Panland cement matolBli In eaatani Wyoming: Bull. tr. S. Oeol. Bnrref N 
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Newcastle and Cbeyeone. His results, which are distinctly inter- 
esting, may be aummarized best by presenting tables of analyses of 
the limestones and shales and noting the most important features of 
each. 

Analytu of limatona, Wyoming. 
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Of the above limestones the first three are from the Newcastle 
district and the others from the vicinity of Cheyenne. The interest- 
ing "cement rock" shown in analysis 1 was found 2} miles south- 
east of Newcastle in an outcrop 40 feet thick, which Ball states 
could probably be worked with a steam shovel. Nos. 2 and 3 are 
purer limestones from about 5 miles southeast of Newcastle, where 
a 40-'foot bed covers a large area of outcrop. Nos. 4 and 5 are from 
Iron Mountain, 40 miles from Cheyenne. No. 4 is exposed to a thick- 
ness of 60 feet or more and is a thin-bedded, readily quarried rock. 
No. 5 is harder and less satisfactorily situated and is about 40 feet 
thick. All the analyses represent the average of a series of sam- 
ples taken across the full thickness of the beds. 

As regards shales, the following analyses cover the ground of the 
report: 

Anabiia o/thala, Wyommg. 
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The first five of the above analyses are of shales from near New- 
castle; Nos, 6 and 7 are from the Cheyenne district. Nos, 2, 4, and 5 
are imusuallylowiniron. No. 3, which is by far the most satisfactory 
of the Newcastle analyses, was taken from a 40-foot outcrop located 
2} miles southeast of Newcastle. The two Cheyenne samples would 
be good enough for mixture with ordinary limestones, but the lime- 
stones of the Cheyenne district are of somewhat uncommon character 
and would apparently require the addition of a highly ferruginous shale. 

The two regions have very unequal possibilities as cement pro- 
ducers. The three limestones of the Newcastle district can be 
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handled togedier, like a Lehigh Valley mix, without adding of shale. 
The two limestones of the Cheyemie district are highly siliceous and of 
doubtful value. Added to this is a fuel advantage for Newcastle, 
for there coal can be obtained from the mines at Cambria, only 8 
miles away, whereas coal at the Cheyenne localities would cost t4.50 
to t5.50 per ton. 

The following analyses of limestones from Wyoming may also 
prove serviceable: 

AnatyuM of Umettonei, Wyomiiuffi 
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BIBUO ORAFHT. 

ByE. F. BVRGHARD. 

For the convenience of the reader a summary of papers on cement 
materials, cement, and concrete, pubhshed by the United States 
Geological Survey, by other Government bureaus, by State geologi- 
cal surveys, and by certain nonofficial organizations is given below, 
although some of these papers have been mentioned in the bibhog- 
raphies of cement materials by States. 

PUBLICATIONS BY THE ITNITED BTATB8 OBOLOaiOAL aiTHVBT. 

The following list summarizes the principal publications on cement 
and concrete materials by the United States Geological Survey. 
These Survey publications, except those to which a price is affixed, 
can be obtained free by applying to the Director, United States 
Geological Survey, Washington, D. C. The priced pubbcations may 
be purchased from the Superintendent of Documents, Government 
Printing Office, Washington, D. C. PubUcations of which the edition 
is exhausted can not be obtained even from the Superintendent of 
Documents, though they can be consulted at most pubUc libraries. 
The Survey does not distribute any other than its own publications. 
Adahs, Q. I., and othera, Stratigraphy and paletmtology of the upper Carboniferous 

tocksof the KansRS section; Bull. 211, 1903, 123 pp. 20c. 
Economic geology of the loU quadrangle, Kjmsaa; Bull. S3B, 1904, 80 pp. 
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Ball, S. H., Partland cement materula in eaatem Wyoming: Bull. 316, 1907, pp. 

232-244. 50c. 
BAasLBR, R. S., Cement niaterialfl of the Valley d Viigima: BuIL 260, 1906, pp. 

531-544. 40c. 
Bastin, E. S., The lime indostry of Knox County, He.: Bull. 286, 1906, pp. 393-400. 

Edition ez&austed. 
Clays of the Penobscot Bay r^i<«, Maine: Bull. 286, U06, pp. 42S<43I. 

Edition exhausted. 
Brannkr, J. C, Clayn of Arkansaa: Bull. 351, 1908, 247 pp. 
BtTBCHARD, B. F., Portland cement materials near Dubuque, Iowa: Bull. 319, 1907, 

pp. 225-231. 60c. 
Conorete materials produced in the Chicago diBbict: Bull. 840, 1908, pp. 

383-410. 30c. 
Stmctunlmaterialeavailablein the vicinity of Austin, Tex.: Bull. 430, 1910, 

pp. 292-316. 

Cement: Mineral Hewurcea U. 8. tor 1910, pt. 2, IBll, pp. 69-636. 76c. 

Cement: Mineral Reaourcw U. S. tor 1911, pt. 2, 1912, pp. 486-519. 

Catlktt, C, Cement reeources of the VaUey of Virginia: Bull. 225, 1904, pp. 467-4411. 

35c. 
Cupp, F. O., Limeatones of southwestern PennsyLvania: Bull. 249, 1906, 62 pp. 
CiunBR, A. F., Cement reeourcM of nartheast MinSnippi: Bull. 260, 1906, pp. 510- 

621. 40c. 

Geology and mineral resources of Miniseippi: Bull. 283, 1906, 99 pp. 

Darton, N. H., Geology and water rasourcee (rf the northern portion of the Blick 

Hills and adjoining regions in South Dakota and Wyoming: Prof. Paper 66, 1909, 

104 pp. 
Structural materials in parts of Oregoa and Washington: Bull. 387, 1909, 

36 pp. 
Cement materiala in Republican VaUey, Nebraaka: Bull. 430, 1910, pp. 

381-387. 
and SiBBENTHAL, C. B., Geology and mineral reeourcee ai Qie Idraniie Basin, 

WyoDiing: Bull. 364, 1908, 81 pp. 
DmtTRE, E., Testa of cement matorials from Gila River, Arixona: Water^Sui^y 

Paper 33, 1900, pp. 82-00. 15c. 

Cement investigations in Arizona: Bull. 213, 1903, pp. 372-380. 25c. 

ElCKBL, E. C, The matertalH and manufacture of Portland cement: Senate Doc. 19, 

68th Cong., iBt seas., 1903, pp. 2-11. 
Cement-rock deposits of the Lehigh disttict: Bull. 225, 1904, pp. 448-ifiO. 

35c. 
Cement materials and cement industries of (he United States: Bull. 243, 190S, 

395 pp. Edition exhausted. 

The American cement industry: Bull. 260, 1905, pp. 496-505. 40c. 

Portland cement resources of New York: Bull. 280, 1905, pp. 522-530. 40c. 

Cement resources of the Cumberland Gap district, Tenneesee-Virginia: Bull. 

285, 1906, pp. 374-376. Edition exhausted. 

Cement: Mineral Resources U. S. tor 1908, pt. 2, 1909, pp. 441-463. 80c. 

and CRman, A. F., Geology and cement reaourcee o( the Tombigbee Kver 

district, Mississippi-Alabama: Senate Doc. 165, 58th Cong., 3d boss., 1905, 21 pp. 
Fenneuan, N. M., Geology and mineral resources of the St. Louis quadrangle, 

Miffiouri-Illinois: Bull. 438, 1911, 73 pp. 
IfuHFHitBT, R. L., The effects of the San Francisco earthquake and fire on variotii 

structures and structural materials: Bull. 324, 1907, pp. 14-61. 50c. 
Organization, equipment, and operation of the structural^naterials testing 

laboratories at St. Louis, Mo.: Bull. 329, 1908, 85 pp. 20c. 
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Hcx^UET, R. L., FortUnd cement mortan and their constituent materials: Results 

of tests, 1905 to 1907: BuU. 331, 1008, 130 pp. 25c. 
Th«Btrength of coacrete beams; results of tests made at the structDral-materials 

testily labontoriea: Bull. 344, 1906, 50 pp. 10c. 
The fim-reeistive properties of various building materials: BuU. 370, 1900, 99 

pp. 30c. 
LufDns, H., Cement icsouices of Washington: BuU. 28G, 1906, pp. 377-383. Edidon 



LipnNCOiT, J. B., Manufacture of Foitland cement in southern California: Water- 
Supply Paper 60, 1902, pp. 135-137. 15c. 
tlAKTOi, Q. C, The Niobrara limestone of northern Colorado as a powible source of 

Portland cement material: Bull. 380, 1909, pp. 314-326. 
pKFPBBBBKa, L. I., Cement material near Bavre, Mont.: Bull. 360, 1909, pp. S27- 

336. 
Richardson, Q. B., Portland cement materials near El Pbbo, Tex.: Bull. 340, 1906, 

pp. 411-414. 30c. 
Ribs, Hbqirich, Cla^B of Illinois: Prof. Paper 11, 1003, pp. 94-97. 40c. 
RuBSBLi,, I. C, The Portland c^nent industry in Michigan: Tventy-aecond Ann. 

Rept., pt. 3, 1902, pp. 62l>-«66. 12. 
ScsBADEK, F, C, Geology of tha Independence (Eana.) folio (No. 169), Geol. Atlas 

U. 8., 1907. 25c. 
and Ha WORTH, E., Economicgeologyof the Independence quadrangle, Kansas: 

Bull.296, 1906, 74 pp. 
Sbveu,, J. B., The effects of the Sau f^«nciaco earthquake on buildings, engineering 

structures, and atructural materials: Bull. 324, 1907, pp. 62-130. 50c. 
SiBBBNTHAi., C. E., The Bedford oolitic limestone (Indiana): Nineteenth Aon. Rept., 

pt. 6, continued, 1896, pp. 292-296. 
Surm, E. A., The Portland cement materialBofceutTaIandBouthemAlabama:8eQate 

Doc. 19, 58th Cong., Istsese., 1903, pp. 12-23. 

Cement resources of Alabama: Bull. 225, 1904, pp. 424-M7. 3&c. 

Taft, J. A., Chalk of southwestern Arkanaas, with notes on its adaptability to the 

manufacture of hydraulic cements: Twenty-second Ann. Rept., pt 3, 1902, pp. 

067-742. »2. 
Dddxk, J. A., Oolitic limestone industry at Bedford and Bloomington, Ind.: Bull. 

430, 1910, pp. 335-346. 

FDBLIOATIONS BT HISCELI.AKBOtTS OOVBRNKENT BITItEAITS. 

Cox, Ai/rm J., Volcanic tuff aa a consbuction and a cement material: Philippine 
Jour. Sci., Bureau Sci., Manila, P. I., November, 1908, pp. 391-406. 

Philippine raw cement materials: Philippine Jour. Sci., Bureau Sci., Manila, 

P. I., May, 1909, pp. 211-229. 

HuMpnaET, R. L., and Lobbb, L. H., The strength of reenforced-concrete beams — 
results of 333 beanie: Tech. I^per Bur. Standards No. 2, 1912, 200 pp. 

Ofitcb or Public Roads, The construction of concrete fence pests: Farmm' Bull. 
No. 403, U. 3. Dept. Agr., 1910, 31 pp. 

Use of concrete on the farm: F^mers' Bull. No. 461, TJ. 8. Dept Agr., 1911, 

23 pp. 

Faqe, L. W., Oil-mixed Portland cement concrete: BuU. Office Pub. Roads No. 46, 
TJ. 3. Dept. Agr., 1912, 28 pp. 

Rbibuno, W. C, and Retbs, F. D., Physical and chemical properUes of Portland 
cement: Philippine Jour, Sci., Bureau Sci., Manila, P. I., Deconber, 1910, pp. 
367-417, June, 1911, pp. 207-261. 

UwrrBD States GovGRNiiE)rr,'8peciflcation for Portland cement: Circ. But. Stand- 
ards No. 33, 1912, 28 pp. 
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Wia, B. J., The efiect ot high-preesuie atetun on the cmshing strength of Portlaiid 

cement mortar and concrete: Tech. Paper Bur, Standards No. 6, 1912, 25 pp. 
Wio, R. J., and Batxs, F. H., Teste of the absorptive and permeable properties of 
Portland cement mortars and concretes, together with tests of damp-proofing and 
waterproofing compounds and materials: Tech. Paper Bur. Standards No. 3, 
1912, 127 pp. 
WoBHLET, P. L., jr.. Cement mortals and concrete — propamtion and use foi farm 
purposes. Farmeis' Bull. No. 23S, U. S. Dopt. A^., 1905, 32 pp. 

FTTBUGATIONS BT STATE aXOLOaiCAL STmVEYS. 
Investigations of cement materials have been made by certain of the 
State geological surveys, and many detaUed reports have been pub- 
lished on important, local deposits. The surveys of the following 
States have made special studies of local cement resources: Alabama, 
Arkansas, California, 6eoi^;ia, Illinois, Indiana, Iowa, Maryland, 
Michigan, Mississippi, Missouri, Mew Jersey, New York, North 
Dakota, Ohio, Oklahoma, South Dakota, Vermont, Virginia, Wash, 
ington, and West Virginia. Certain other States have done a little 
work on their cement materials. 

The most important of the State reports are listed belowi 
Alabama: Surra, E. A., and Rrea, Heiwrich, Preliminary report on the clays of 
Alabama: Bull. Alabama Geol. Survey No. 6, 1900, 220 pp. 
Shith, E. a., and Eckel, E. C, The cement reaourcea ot Alabama, and the 
materiab and manufacture of Portland cement: Bull. Alabama Geol. Survey 
No. 8, 1904, 93 pp. 
Arkauaaa: Bbanhbr, J. C, On the manufacture of Portland cement: Ann. Kept. 
Arkansas Geol. Survey for 16B8, vol. 2, pp. 291-302. 
Hopkins, T. C, Marttlea and other limeatonea (of Arkansas): Ann. Rept. Arkansas 
Geol. Survey for 1890, 1893, vol. 4, 443 pp. 
CalUomlA: AUBuaT, Lewis E., The structural and industrial materials of Cali- 
fornia: Bull. California State Min. Bur. No. 38, 1906, pp. 171-189. 
Q«orgia: Ladd, 0. E., Clays of Georgia: Bull. Geoi^a Geol. Survey No. 6, 1S9S, 
204 pp. 
Uatnabd, T. Pools, Limestones and cement materials of North Georgia: Bull. 

Geo^ Geol, Survey No. 27, 1912, 293 pp. 
McCailib, S. W., Marbles of Georgia: Bull. Geoigia Geol. Survey No. 1, 2d ed., 
1907, 126 pp. 
niluoia: BuncHARD, E. P., Concrete materials produced in the Chicago district: 
BuU. Illinois Geol. Survey No. 8, 1907, pp. 345-372. 
Cadt, G. H., Cement-making materials in the vicinity of La Salle: Bull. 

minois Geol. Survey No. 8, 1907. pp. 127-134. 
Bleikinoeb, a. v.. Lines, E. p., and Latuah,F.E., Portland cement resources 
of Illinois: Bull. Illinois Geol. Sun'ey No. 17, 1912. 
Indiana: Blatcblbt, W. S., and Ashlby, G. H., Portland cement; The lak«e of 
northern Indiana and their associated marl deposite; Oolite and oolitic stone 
for Portland cement manufacture: Twenty-fifth Ann. Kept. Indiana Dept. 
Geology and Nat. Rea., 1901, pp. 1-330. 
BI.ATCHLBT, W. 8., Oolite and oolitic atone for Portland cement manufactuie: 
Twenty-fifth Ann. Kept. Indiana Dept. Geology and Nat. Res., 1901, pp. 
322-330. 
HOFDNB, T. C, and Siebenthai., C. E., The Bedford white limestone of Indiana: 
Twenty-fiiat Ann. Kept. Indiana Dept. Geology and Nat. Res., 1887, pp. 
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Iowa: EoKXL, C. 1!., aod Sadt, H. F., Cement and cement materiaia.of Iowa: Iowa 
Geol. Survey, vol. 15, 1904, pp. Sa-124. 
BsTBB, S. W., Supplementary leport on Portlajid cement materials in Iowa: 

BuU. Iowa Geol. Survey No. 3, 1908, 36 pp. 
Beter, S. W., and Williaicb, I. A., The materials and manniacture of Portland 
cement: Iowa Geol. Survey, vol. 17, 1906, pp. 29-80. 
KansM: Hawobth, E., Mineral reaoaicea of Kaneaa, 1897. 
Kentuc)^: GAiti>iiut,J'.H.,B«portolpiDe;reMfoi 1904-05: Kentucky Qeol. Survey, 

1906, pp. 18^0. 
Karyland: Rieb,Hhnriob, ReportonthecIayBofMaryiand: Repts. Maryland Geol. 
Survey, vol. 4, 1902, pp. 203-605. 
MABnif, G. C, Geol<^y and mineral reaources of Gairett County, Md.: Repts. 

Haiyland Geol. Survey, Garrett County, 1902, pp. 66-220. 
O'Harra, C. C, and othras. Geology and minenl reeourcefl of Allegany County: 

ReptB. Uaryland Geol. Survey, Allegany County, 1900, pp. 67-102. 
Uathkws, B. B., and Qbabtx, J. S., The limeetonw of Maryland with special 
reference to their use in the manufacture of lime and cement: MaiyUnd Oeol. 
Survey, vol. S, pt. 3, 1910, pp. 226-1S4, 14 pi., map. 
Hlchigan: Ribh, Eeinrich, Clays and ahalea of Michigan: Uicfaigui Geol. Survey, 
vol. 8, pt. 1, 1900, pp. 1-67. 
Lathbcbt, B. B., The development of marl and clay properties for the manufac- 
ture of Portland cement: Michigan Geol. Survey, vol, 8, pt S, 1903, pp. 191-198. 
Hale, D. }., and othera, Marl (bog lime) and its application to the manufacture 
of Portland cement: Michigan Geol. Survey, vol. 8, pt. 3, 1903, 386 pp. 
HiaalMdppi: Ckideb, A. F., Cement and Portland cement materials of Miseiadppi; 

Bull. MissisBippi State Geol. Survey No. 1, 1907. 
Mloaouri: BiTiaLKB, A. H., Lime and cement resoureee of Uiasouri: Uiasouri Geol. 

Survey, vol. 6, 2d eer., 1907, 255 pp. 
Hew Jeraay: KUhmel, H. B., Report on Portland cement industry: Ann. Rept. 
New Jersey Geol. Survey for year 1900, pp. 9-101. 
KfluuBL, H. B., The chemical composition of the white crystalline limesConeB 
of Suaaex and Warren Countiw: Ann. Rept. New Jersey State Qeologiat for 
1906, pp. 173-192. 
RiEs, Heinbich, and others, The clays and clay indnotry o{ New Jersey: Final 
Rept. New Jersey Btat« Geologist, vol. 6, 1904, 648 pp. 
New York: Rieb, Hembich, Clays of New York: BuU. New York State Mub. No. 
36, 1900, 466 pp. 
Eckel, B. C, The quarry industry in southeastern New York: Twentieth Ann. 

Rept. New York State Mua., 1902, pp. 141-176. 
Rieb, Heihsich, Lime and cement induetries of New York: Bull. New York 
State Mub. No. 44, 1903, pp. 640-S48. 
North Dakota: Baubt, J. G., and Uelstsd, V. J., Geology of northeastern North 
Dakota, with special reference to cement materials: Fifth Bien. Rept. North 
Dakota Geol. Survey, 1908, pp. 116-225. 
Ohio: Blhnikgbr, a. v.. Manufacture of hydraulic cements: Bull. Ohio Geol. Sur- 
vey No. 3, 4tii aer., 1804. 
Orton, E., jr., and Fsftbl, 8. V., The limestone resources and the lime industry 
in Ohio: Bull. Ohio Geo!. Survey No. 4, 4th ser., 1906. 
OklalLoma: Gould, C. N., Nelbok, Gatloed, and others. Structural materials in 

Oklahoma: Bull. Oklahoma Geol. Survey No. 6, 1911. 
South Dakota: Todd, J. B., Cementsand clays; Mineral reeourcea of South Dakota: 
BuU. South Dakota Geol. Survey No. 3, 1902, pp. 9S-109. 
O'Haxsa, C. C, and others, The cement resources of the Black Hills: Bull.8, 
South Dakota School of Mines, 1908, 56 pp. 
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IeiuL«M««: GoBi>oN, C. H., Cement reaanrcea and poHobilitieB ia Teimeaee; 

Seaouicea of TennesBee, vol. 1, No. 2: TenneMM State Geol. Survey, Augiut, 

ISll, p. 58. 
Vlifliila: Bassleb, R. 8., and Eckbl, E. C, Cement reaource* of Vuginia west of 
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NONOTFIOIAI. PTJXXJGATIOKa 

By organviatioTit. — Series of montlily and special bulletins of the 
Association of American Portland Cement Manufacturers: Percy H. 
Wilson, secretary. Land Title Building, Philadelphia, Pa. 

Series of Annaal Proceedings of the National Association of Cement 
Users: Richard L. Pumphrey, president, Harrison Building, Phila- 
delphia, Pa. 

MiaceHaneoua artidea. — Hundreds of articles hare been published 
on cement, covering a wide range of special subjects, sucb as the indus- 
try at home and abroad, effect of alkalies and sea water, machinery, 
manufacturing, materials, mills, new problems, testing, etc., and on 
concrete aggregates, blocks and tile, cooatruotion and practice, use 
in mines, roads, sea water, absorption and permeability, testing, and 
waterproofing. The following are a very few of the more interesting 
and valuable papers that have appeared recently either in papers 
devoted wholly to cement and concrete, in general engineering papers, 
or in the publications of eugiaeering societies: 
Batrs, p. H., Reviev of the piesent statue of iron-ore cement: Adv. Paper Nat. 

Aeeoc. Cement Users, March, 1912. 
Bhown, H. E., Marine or iron-ore cements: Adv. Paper Nat. Aesoc. Cement tTserB, 

March, 1912. 
Cbmkht Aq£, The additioa of slag to Portland cement. October, 1911, pp. 144-145. 

The preeent slAtus of imn-ore cements. April, 1912, pp. 194-196. 

EcxBL, E. C, Ferrite cements and feiro-PcHtlandB: Eng. News, AugtuA 3, 1911, 

pp. 167-168. 
Edwards, Q. E., Concrete shaft work in mines: Min. World, March 11, 1911, p. 635. 
Fat, a H., Shaft fA Detroit Salt Co.: Eng. and Min. Jour., Haich 18, 1911, pp. 

565-669. 
GoLDBECS, A. T., The eipanaion and contraction of concrete while bardeniiig: Proc. 

Am. Soc. TeHting Uateriala, 1911, pp. 563-571. 
Hagah, Edw. M., The utilization of blast-furnace waste: Cement, May 19, ISII, 

pp. 1-5; Iron Age, June 8, 1911, p. 1397; Canadian Eng., 7une 15, 1911, p. 843; 

Min. Sci., July 13, 1911, p. 35; Min. and Eng. World, July 15, 1911, p. 105; Met. 

and Chem. Eng., August, 1911, p. 407; Eng. Rec., Augusts, 1911, p. 167. 
Harsibon, a. H., "nie waterproofing of tunuela: Cement, March, 1911, pp. 431-434. 
Krxpbter, i. H., Portland cement as a by-product: Jour. Ind. and Eng. Chem., 

January, 1911, pp. 34-36, 
Landib, W. S., Some problems of the cement industry: Cement, May, 1911, pp. 

17-25. (See also Jour. Am. Soc. Mech. Eng., April, 1911.) 
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Llmeeton* and day or shale, productlm from. «3-43 

at, analyses of 370 

I, dMrlbntkn and charaotar 

LInwood, Ud., limestone at, analysis of. 306 

LltUeRock, Ark.,cUyBt 113-lU 

clay at, analyses ol lU 

Lime sulphate, use of, as retarrler 03-03 

Little Eagle L«ka, lad,, mad of, BDalysla of. 167 
Little WllU Valley, Ala., days of 73 

day. 01, analyse. Of ^.^^^^ 



Llvcnnora Fklli, Uilna, llmarionsat, luulyirii 



Llvbiiatoi]. Als.. gecCkn >t... 

LivlDgitaD, UoDt., llmaitaia it 

Lockport, N. Y., Ilmntou at, tialymt of. .. 




LonKTinT, Alk., ttmeatinsat 

llnMaUoeM.uialTdiDf 

Loon Lake, lad., marl of, uudjala of 

Lort, A. B.,imtdaliomaMTkla. 

Lot Angeles County, C*l.,llmBtODM or... 

llmMbHUS ot, uulyihot 

fuel In 




Lownda CooDty, Mte. Sti Noiubea 

Low PoiDt, N. Y., ctDuait maUng at 

LowriUa, N. Y., llnwtona at, analyila of — 

Ludlngton, Mldi.,iaarl at, analysb of, 

LudlovFalla, Oblo.llnustODeal, analysis oC. 
Lumber Rlrcr, N. C, llmfatona al, analysis 



UaMTala, Ark., da; at, inalyils of lU 

McCallie, S.W.,(MiO((iti[lalliiKsUMns 131 

UcCartney, Wis., uctkm new 373 

UcFariand, Sana., Itannlmu at, analrili ot. 181 

M»caar,W. W„oncan«ntBt™n*lh »8 

llusn, libs,, linustane at and near UO 

Ifancaloneatand tuer, analyMaof 230,231 

UadlKm limestone, analysis ot. 153 

e.sUambla limit of.... U 




il, an^rsbof. . 300 
It malfTlals at, analy- 

Msor S«8,ST1 

Uanmee Junction, Ala., day at 83 

day at, analyses of 87 

llanllan Lake, Ind., marl of, analyab at IGT 

Haul tus Iboestane, analyses at Mg,Kl 

Uanot, Tei., cemect malerlal at, analysis of. 3i2 

UsDtl, Utah, UmestODe at, analysis ol S48 

Harble City, Ark., Ilmeslona at, analysis of. BT 
Harblehead, III. .limestone ai, analysis ol... 143 



I, N. J., llmatooa al, analysis of.. 170 

Hailbtook marl, chalk of. analyses or 113 

chalk of, dbtribiitioa and chancter ot. . un, 
lOS-m 

asotlauiof 1117.110.111 

llait.aiMlTmof £l,114-ZIS.ia,U:.3» 

Ubtlo^aiilirirf. a 

cost ot, aim 



^piMtiDf.dasDflptkmaf. US-IS!, 

311-119,181, U1-3G1 

dtstrlbntkn of , by Btatss n 

8tt oln Teftlaiy shell beds; Quatenary 
slMlI bods; portlealar Stmlrt. 

Halls and dayi, ptodnctkm Imm O-B 

Uarqaam. Onf^aaaait rock at.. 



nor.. 



Uaniuetta Cement Co., materials of., 
maloialiaf, analyses of 

u.nh«ii« Ala., Clay at, analysis of.. 



. ISl-li 



Mortinahun! ibale, analyses of 

dlMilbutloD and chancter of. . . 
Uattlni Cnek, Pa., Portland mi 



311 



Harylai:id,oementin, blblkigniiihyof 

content In, prodnEUoa of ii-ai 

content Industry In S06 

cement mstertal In IK-M 

cUyi and ^lales of m.m 

analyseaol lBI,»>,a« 



Uuw City, I< 

PortUnd cenMol plants at 

Uanacbnsetts, cement Indostry In. . . 

cement material In 

llmeatones of 

analyses of 

Uasanuttao llounl^n. Vs., II 

■nalyilsof , JM 

Uather, W. W.,onnatiii«iccment Industry. H-X 
Uaifnkiukeo I«ke,lnd.,marlaf,analyieac( U' 
Haxrlllii linMston. analysea ot XB 

distifbatkjn and cbaiactcT of 301 

llayiyflle formalliin, dlstrfbatloii and dkt» 



Uoidot*, Va., 11 
UstalhM Fallt, n 

llmeMona near, analysis of . . . 




Kflbnry, Ohio, 0U7 of. H 

KIllCaiiTiHi, Ulah,U 

MaiCttelc, AA., limestone at, uialfstoot... 

Ullli I*ie, Ulch., mgil U, uulj^ol 



dbtilbutton and ctunutar of aV-US 

IfituuaoU, denuntmalerUsor tU 

lllssl38lppl,4wmaitin,bn>U(V>pti7(]( S4S 

Dement mmtariBl In t8,2B-W 

clulkln MS-B7 

■DOlTWSOl Z16,XS-233,ail,29e 

<^ra and shales of MO.au-lU 

UBlmsoC a36,3«l,lM-3U 

geoloEla map ol SS 

llmestoDHol tK-ia 

uulfusDl.... 33e,Z2S-I33.13i,IM,a»-Zti 

mailiof ja»-3« 

Muaysesof 388,3* 

MIssbsipplui linuabmea, malyan of 7G, 

143, 1£S, 181, IDO, 2W, »0,353 
ctaantcter of 60, 

1-72. Ml-lU, U8-1M, U0-1B1, 
Mg-2SO,ZG3, 333-331 



dbtiibmtiiti I 

n-T2. n 

18»-W0, 

secUmiof 141 

Set olio pcnkutar MiuUtlpplan /ormm- 

Ubsbslpplui shales, imiilyiH or 76,238,350 

dbrtrlbutlonuidchHnctt'rot 73,154,149 

Ubsoaii, cement in. produrlloa ol. 37-38,2$! 

cenwDt Industry Id. aiS-3S3 

Gsment msterlsl In C8,34e-»1 

days uid ihales of W^JEI 

uialyseioC 348.3(0,311 

Inelot es 

geolofflc map nf 346 

UnastonMOl 68.347-lSI 

uulyaetol 34T.»0.»I.»3 

Iflfiiiri group, Hulysli of 172 

dbtribuUim utd chanclar of 171-172 

SBCtlODOl. 171-172 

Uitdnll, Ind., maUcbls at, aiBlysea o( US 

WtchaX County, Ion, UmeMone at. uialym 

<d 164 

Ultclaa UmeatiKM, dlilrlbutlcci and cbaiactet 



( 378,316 

dlsblbiitlai and character of 173-3Te 

Uahawk Vsllay, N. r., UmestoiH ol 374 

UoUds, Kana., tlnwitOMat.aiutyilio'. 1S3 

Hdtlown, Fl, Portland cement pUntit.... 117 
Uonroe Cimars, M. I., UinestoDa at, aoalyMs 

of 3M.37D 

UutraaCoanty, lllas.,llmestmMat. n3 

UoDtWDa,N. I., limestone at, aoalyMS of.... 9S8,2n] 
UmtAlto, Pa., llmpsbHUBt, analysis td.... 311 

Uontuia, cement In, i^roduotlaD of 37-38 

camant Industry In a7 

material In 68,S3-26« 

Id males of, analyses of. 3M 

.- 68 

analjaesol 3E3-3SS 

HoalabeQoKatrOTn, Pa., Umeetooe at. aMly- 

sbol 313 

Ob., llmeitoiM at, analysis of 133 

N.Y.,cwnmtat,analysIsol..... 388 

cement at. materials for, analyses of 388 

oament maklnj bi 387-288 

mail at, analyila of 383 

Uoore Utka, Ind., mail of, analysis of 157 

Uccgantowii, W. Va., Umsstona at, analysll 

0* 360 

Uoniaoo. QHd., Umastons at, analysis of 137 

UoahBrvine,Uich..marlat,analyiesol. 314 

Portland rsment plant at 334 

IbmidsTllIe Kurows, W. Va., limestone at, 

analysis of. 368 

Uount Etna Furnace, Pa., 

aDalyiIi<4. 

Uount HoUy, Pa., Unuttooe at. 
Uount Honb Cbuich, Va., I 

analyalsot 357 

Ifaunt Jaokaon, Pa., Ilmsatone at, analyilioL 313 

Mount Savage, Ky., Umeatone at, analyala oL IBI 
Uount BllvarhniB, Colo., UnuMoDe at, analy- 

•la of 137 

Unddy Creek Uountaln, W. Va., UmartonB 

on, analyila at 380 

Hud I«ke, Ind., marl of, analysis of. 1ST 

Ifnmfonl, N. Y., marl at, analydaol 383 

Hnrat,Va.,llntcit(me at, analysis of. U7 

Murphieeaboro limestone, dlsUlbntioa and 

cbaractei of 333 

Uaiphy, N. C., llmislanB at and Dear,anBly- 

aesot 397 

Uyrtle Grore, N. 1., Umntone ueai, analyila 

Ol. 301 

N. 

Kaoo UsuBtone, aoaly^ of n 

Nancy, Hiss., UinaataoenaaT 343 

Umeitone near, analyila of 243 

plantBt 131 

Natural cemnit, analysis of. 31 

Tn^Tlmiim pfodoctioD oL 34 

prices of, diart showlnK 34 

pcodoGtion of, chart atuMving O 

. „Googlc 



Fit*. 

Id dUIeieDt etaWa. 23 

hlitory of.lnEurop* l*-*) 

InAmeita »-M 

NuTdo.IU.illmMaiMat.aulTitaol H3 

llaiai«th,P>., ForUand cement plSnUM... 317 

MuaretbFarUuilCeiiHDt Co., plant ol 3t7 

Nebmka,(innaitlD<liuti7in 3» 

DSmml material In M^IM 

dars uid ahalia oL 3I»^M 

UmMbmcs at <8,!M 




N«in«a, UictL, Portland cenwnt plant ai. . . 
Navago Portlaiul CemantCo., Diatartili of. . 
Nawbam, M. C, iim—tjiM ^t, anilyala of. ■ . 

maris near, analrsn ol 

New Braneoa Portland Cement Co., materiala 



New Cullde, Ohio, llniealona at, aoalyau of. 
Newcastle, Colo., PcsHand-eeiiwDt plant at. . . 

Nevcaslle, Pa., UmntODa at, analyals ol 

PocUacd oemcot plant at 

, Wyo., oemant materlala near, 



Newc 



Portlaad 
plaotof. 
Caitle Portland Cement Co. (Fa.), 



Co. (Colo.), 



NawK 



<m,N.J.,ll 



317 

■naly^or. 3S3 
New Jana7,<»iiMntlD,blbllociaptiyot..... 170^71 
cement In, iROducUanoI. 37-38, X70 

cement malarial In 68,aS0-ra> 

days sod shahaol. 3M 



aualyaae of. . . 



2K-X^ 

.. 68,a8l>-2W.'B7-270 
3a3-3U, 307-370 



analyacsol 

Mewman limeMane, analjies o[. . . 

distilbulioa and characMr of. 

N«w Ueiico, cemant material bi. 

New Richmond, Oblo, UmeMaia 



... 362, 

3S3,aM, 308,370 

Nav Vlllat»,N.I.,PoitlHnd4amaitphuitBt. 370 

New WlDdwT,lld.,Umwt4me at, analysts of.. XB 

NawYork.cemEctin.analysaaol. 3»-38S, 

3n,3SO,3t3, 303,316 

eemanilo. blbUognphyot. Z9e 

pnxluclhm ol. 37-38, 3S> 



New York, oamait tndostiy In lT,n,M 

cemant material In «,>n 

oI«ytlndiliakao4,analyM>or. 3ST, 

18S,3W,9n-3K 

Ilialol «8,TO 

faologlc mapa of 371.171,2n 

malyaeaal V3, 

375, m, 37S-38J, 3S7, 388, 3M). 91-Ze 

mariaol 3K 

analyaaaol SSl.nS 

natural cemoi tin Jl-S 

Nev York, oentnl, llmeatoMOI m 

UmesUxM oI, analysea ot seo 

N*«Yoik,Daitliaai,IimtctmBaf 371-37S 

UmaslottM of, analysis of. 37S 

N«w Yock,wgatmi,UnHrt«(iMOf 17»-3KI 

limestone* Of, analyali of ITV 

natural oament In Jit-32 

NeiPeKaOMmty,ldaho,llmnl«Msof..... U»-13a 

llmaatonas oC, analysea of I3e 

NMitan UmcatonB, analyies Dl lll,3$t 

dlstiibutiofl and character of lat, 

:&7-3»,3W,lB 

Norbome, Uo., clay at, analysis of. 3S1 

Nnlalk Portland Cemmt Co., materials ot... 3» 
Norrldgawock, Ualna, llmenooe at, analysis 

of. - IM 

Nnnls, Ifd., Unustona at, analysis ot XS 

Notti Adams, llan.. limestone at, analysis of. 307 
HorthainpWn, Pa., Portland oament plant at. 317 
Nonlianipton Portland Cameat Co., pbDt ot. 317 

North Carolina, cemont malarial In OS, 317 

hwlol « 

UmaslODCBof 68,3aT-3W 

analyses of 39T,3K 

marlol SB7-399 

analyses of. SB 

North Dakola, cement malailab of a&,3afi 

Umutonesol OS 

analysis of. M 

Nortb Jadinn Ilarsh, Ind., mari at, analysis 

of 1S7 

North Park, Coki.,UmB>taDe at, analysis of.. 127 
Noiro Dams Lake, Ind., marl of, analysis or. . 137 
Noiubea and Lowndca oountiM, Mlm., lime. 

llnKalons of, analyses ol 20-313 

OcdanForUanlCamaitCo., mataiialsof.... sta 

Oglaiby, lll.,uiaUrlabal IM 

p.f|ijriai« u, analyses ot 151 

Partland oament plant at Ul 

quarry at, section in. Ul 

O'Harta, C. C.,onUaryland ItB-XD 

Ohk>, cement In, piDductlon of 37-38, K2 

comant Industry In 303-303 

cemmitmatwlailn m,ia»-xe 

olays snd shales of. 300 

analysnal > 3a.Xl3 

lualot ffl 

KBOlocki map of Ml 

lW,3»»-atn 




Okolciiiii,Ark.,alii&fttuidiiai K 

chilk at and dbbt, biuItmi af. 

Okoloi»,liln,,lliiU9taiiaat, uulyiesor..... 

OkUbbehaCoiiiitr,UlB.,llm(M(meof..... 23 
Hmntoiic of, analyna of 2S 

OUlnger Oq>, V»., Umtrioiie at, analrsii of. . 

OmegmPoitlBad Cement Co., DuMlaliaf.. S 

Onondaga Ui 

(llBtdbatloii and ohi 

OiangB Coimt;. CaL, Hi 



OiaasUlBikd,WMti.,auiieMmatnlalaat.... iU 

OrdovtclaoUUMtana.aoalyaMof 141. 

ia2,3i;,SLl,SIS,3II,357,37D 

dbtrlbntkoandcharaclecaf... 140,181,173,904, 
S1IK311, 315-31 B, 390-333, 350-3118, 370, 371-373 

SBcUoDol 141,181-16,371-373 

Bte olB ponfeoJar OidotlcimafoniiMim: 
Ordi>TlclanabalM,anBlyaa9a[ 7S,34S 

distribution and chancter of 00, 72-73,348 

Sa o/M Uartlnabaii ihaJe. 
Oiegon, cement In, analysta of. 3qs 

oanwnt IndiuUT In 



.. <8,3(r 






IdC. 



M.307-310 

»nalr>eao( jOlt 

Orfaikanj Falh, N. Y., Unmtone at, maly- 

Onumd, Fa., Portland cement plant at 317 

OiDdraode, Cal.,*»inraitplH]tat 123 

On<«Kigup,aualyaasa[ KM 

dMilbutlanandctiaracletaf. IST-IW 

aeetlonof l»7-l«S 

OsFxmi, Ulsa., UnustiuieiiflaT,analyabof. 233 

Osbom, ObiD, limestone at, analrah of 300 

ObMIooh, Iowa, llmeatopa at, uulysbot inS 

OttnmwB, Iowa,cIa7Bl,iDa]yBbol 170 

limeetoueat, analysis ol igg 



Ottawa, Kana., Umogtone at, analysM ot 1S2-1S3 

Oven Btuff, Ala,, UmeatiUM Mar g3-g4 

llouatone i»ei, analyua of. 87 

Oven.Ohlo, limeBtanat,aiuilr»BOl. 301 

Oxanna, Ala., clay at, analyalaot. 7S 

Oxtnnl Funuca, N. J., Umeitone at, analy- 



PaABT,- 

PattBnbnrE.N.)., limestone Dear, analjals of. 2S4 

PMtenooa Cieek, W . Va., Unuatone at, utaly- 

tb<a 370 

Peai)eck,N.J.,1im«Ht(H»at,ani];n>a(.... M3,3IS 

Pw Ridge, Ky.,llmeBloDeat,aiiaIfiliol IBl 

Pearbbuig, Va., Umeatona at, aualyata of 3.t7 

Feerlen Portland Cement Co., materials of. 233-221 

Pegram, Ala., da; at, analysis ot 70 

Pella. Iowa, UmratoDe at, analysis ol IW 

Peninsular Portland Cement Co., matedabol. 223 
Penn-Allen Portland Cement Co., plantof.. .. 317 
Pennington ifaale, dkrtiibatkni and chaiac- 

ot 334,313,134 



aim «8,310-31T 

aUysandibatot^ 310-317 

auljaMot 310,113 

fuel of 60 



182, 1B3, IBl , 20 1 , 2U, 2M, 302, 308 

Id oharactiv of. 143-144, 

3, 1»1, 200-231, 2e7-2U, 271, 302, SOS 



8u alio jmHeMlar Pmnqilnnlan /omo- > 

PnmsylTanlsa ihaln, analyNaoI 70,184,201 

dtililbutkiD and ohaneter ot 73,183-184 

PanunBlnfl, Ark., llmeatoneot S3-9fi 

Panvflle, N. J., llmcstona at, analyita of 203 

N. v., marlat,analysls«I. 3S3 



184 



Peten Vallay, N. J., Hmmtcne at, analysea 

ot 308,270 

Phllltps, l[e.,Ilma9tonSBt,anBlyiMot IHI 

PhnUpabiiis, N. J., llmntuu at, analysbot. 203 

Phoenix PortlaDdCeiDBnt Co., plant ot SIT 

Pledmoat Portland CamaDt Co., matarlala 

ot 183,134 

PIsrce, Wis., sball mail Dwr,BoalytlBoI 373 

Pierce UmWuma, dlstribntka and ebaraotar 

ol 332 

Plecn sbale, distilbatkm and charUlar ot 1SS-3S9 

Plncknsy, lllch.iOlaytnar, analyiliof ... 221 

Pine Valley, Not., llmeBtona at, aulyaisaf.. 2U 

Plqiia,Obk>,Ilmgstoneat, analyilsoL 300 

Plqoa UnMBtona. See Staatm llmaaloaa. 
Plneeburg. If d., limestone at, analysla ot .. . . 204 
ntkln IJmastnu dtatrlbutlon and chaiacur 

of. W, 100-101 

Plain, libs., Itmcatona naar. 341 



PlktUrOla Umobne, dtatrlbntkm and duno- 

taroJ lTfr-]TB,2M,jn-373 

HcUaoot 17»,m,S73-373 

Bhahi from, amliraes of. 17T 

FUttfn limcstont, analjgeg of 3*7 

illatrltiullonaiidoliMMjMrof 2*7 

FlttUburg llmistono, an&lysis dI. IBT 

dEiMboUon uid cbBiBGlcr of lB3,lSfl 

FloHwit lAke, Ulcb., marl st, uialyxls of . . . 114 
Fhuomer Lake, Mlcb.,inarlBt, uialysiiof... 114 
TolDt Fkasmt, Ohio, Umatorw al, aualyalioC 300 
PtdkBaroo, Ark.,Uiiu>Uitwat,analrMaor.. H. 
se.w 
Poll: Biyou UmaclaiM, aaalysw oT W 

dlstribntlaD and ChancUr irf W,M-ae 

Fond Uoontaln, Ark., Ilnustaie at, aual^sli 

o(. 100 

Fortaea Rlrar, )flch.,llni«ttiKieat,aiial;riaot J12 
Portwi Crmk cla;, analfaea of. Hi 

disblbutloii and cbaractar of 2», aM-3t5 

ForUand, Colo., Portland cement plant at. . . 138 
porlland, Ob., Fortlond oamoitplaiit at.. 133-134 
Portland cameot, oomposIUon of. 17-lg,«),41 

compoeltlciii oL 8ft aiao jurfkuior Slata. 

dWteltlonoI 40 

gxpts-uof.. as-3e 

Imports of 3S 

InvmUonot 34-26 

Amadcan modlSfsUoni In. X-3a 

OnxMluedin B2 

twlaniedln MMU 

matadala naad In. Sit Ccmant ma- 

tMiato. 

mathodaol 318-320 

plants (or, dittilbQtlim of,mapih(nr- 

lug ea 

locatlngal M 

ntardenusedin ra-SJ 

IT-IS, 40 
IS 

prttMOf 33-3S 

ctaart stiowlng 34 

production of. 31-33,36-39 

by conunarclal dlsUicti 37-38 

byStatos 30-37 

by law matarialg used 41-13 

chBrt showing 32 

Portland Cnnent Co., malaials o[ 348 

Fortland cement Induatry, gaogiaphlc distri- 
bution of 38-3S 

growth Of, Id Europa ao-z? 

In United Statca. 80-31 

history of. 27-41,383-289 

Hattetlcatf _ «i-39 

Portland cenuot plants, dlsCrlbutton of, map 

shoving 00 

aa alia jmtkutar atala. 
Portland oammtnaauien, by atsta 07-381 

Portland («mvit plant at 391 

Portsmonlh.Ohlo, PortlaDdeanunt plan tat. . 308 
Fotomao,Ild.,Umc8toiMat,anal]Faesor.... 201,203 

aoctlonat. 303 

Fotosl,Wls.,sactiiinimK ST3 



PDtUnvllle,H.T.,Um(ato>iaat,aiialynaol 31 



dlstflbtitlan of, map al: 



3T6 






lis of. 



Pnbia Rock, Utss., limestone ne 

Unuatone near, analysis of 231 

Pmtts Fsr7,Ala.,lim«atanaat TO 

Fientlis County, >liEa.,1lmfBtoiwot S3t-23« 

Pioetor.Vt., llnie«tOT»at,analyil80f. 3» 

Prospect, N. Y., llnHBIraia at, analysis oT 37S 

PrDeiMOtElll, Ho., Portland oenieDt plant at. 



Fneser, C.e., onNabraafaL 

Piuiolan oamenta, natme at. 

Pnssolan cemanla, aaslcDt, nature of. . . 

Pyimmld Lake, Ner., Umestooe near, i 

Meet 



2S1 
. 35C-3ST 



Quataraary ibell beds, analysis of 

dlstributloD and chancier of 

Queen Creek Ails., Ilmcstons at, anslyiea al 

Quilby Creek, Miss., Umeston on 

Quincy,Ill., limestone st, analyaai o(. 

Quhicy, Mich., Portland cemmt plant at. . . 



Ransome pa teals, nature of. 

RathbuD, Iowa, llnustone at, analysis of 

Banchs Qap, Pa., linuatone at, analysis of... 

Rawlins, Hd., llmeatone at, analysbof 

Raybonu Lick, La., llmcetane at, aiialysia 



Bed Butta, Wya., I 



or, analysis 



Red Clay, Ob., llmeatone at, analysis ol. 

Red Cloud, Net>r., limcotone near, analysis ol. 

Red Hill, Hiss., limeslone near 

limestone near, analysis of 

Red Sulphur Sprinei, W. Vb., linwstone near, 



Raid, I. A., (Ol Nerada 

ReUaoce Portland Cement Co., plant of... 
RgnA«w, Haas., Itmasbma at, analysis of. . 

RepiibU(i,Wash.,UnK>toneat. 

Rhode Island, cement mal«rlals In 



analyses of. 

Rhodes Mill, Ark., ilmtstone al, analysis of . . 
Richard City. Tenn., Forlland cement plant 



I., on Texas 344-347 

Richmond, Pa., llmealoneat, analysis ol 313 

tormatlon, distribution and chai^ 



Rlvetslds, Arls., llmeiioneBt:, analyriaoT... 

Riverside, Col., cement plant at 

BiTcrslde Portland Cement Co. , materials o( 
Rlrerlou, NebT., limeatona at, analysis of. . 



p««f. 

Rlverton, Va., UmcatoiM Bt, walTili ot U7 

RachBHu'bcir,Wtsh.,oui>aatmat«U9at. 380-381 

cxmeot DUterlalt kt, aiialyeii of 300 

RoctiMtai,N.Y.,9ectlanU 277 

Roddand, lUliu, UmcatoDa Deu in-lM 

linuBton* am, maljnt ol IM 
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